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HETEROLOGOUS PROTEIN PRODUCTION SYSTEM 
USING AVIAN CELLS 

BACKGROUND OF THE INVENTION 

5 1. Field of the Invention 

The present invention relates to novel expression systems that 
can produce biomedically important heterologous proteins including 
human erythropoietin (hereafter "EPO"), and more specifically to the 
production of various heterologous proteins by transfecting DNA 
10 encoding the proteins, such as the genomic DNA encoding EPO into 
avian cells. 

2. Related Arts 

Many recombinant proteins used in medicine are relatively small 
and simple in their structure, and biologically functional proteins can be 

15 produced in prokaryote such as £ colL However, some human 
proteins of medical interest, such as TPA (tissue plasminogen 
activator), Factor VIII, EPO, etc. are more complicated because 
biological function requires post-translational modification. For 
example, EPO is extensively glycosylated with the carbohydrate portion 

20 accounting for 40 % of the molecular mass. It has been shown that 
the carbohydrate portion of EPO is important for biological function. 
Accordingly, EPO produced in E. co//, yeast or insect is inactive or very 
weakly active in vivo, while EPO produced in COS or CHO cells was 
found to be fully active. Accordingly, those kinds of heterologous 

25 proteins have been produced only in mammalian cells. 

In the meantime, the avian system has been used for the study 
of gene expression in higher eukaryote for a long time. One of the first 
viruses to be linked to tumors was the Rous sarcoma virus of chicken, 
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and this virus was instrumental in demonstrating that the retroviral 
oncogene can originate from a cellular gene, leading to the concept of 
the protooncogen. Studies of gene expression have also been done 
using the RSV LTR promoter, which has often be used for high level 
5 expression of heterologous genes in mammalian cells. In addition, 
avian embryo cells have been used extensively in studies of various 
animal viruses. 

SUMMARY OF THE INVENTION 

The present invention is a research for the high level expression 
10 of eukaryotic heterologous proteins. It is an object of the present 
invention to provide a novel heterologous gene expression system 
which can produce proteins of higher eukaryotic cells. It is another 
object to provide the method of efficiently producing higher eukaryotic 
proteins, such as EPO, etc., which has been known to be active only 
15 when they are produced in a mammalian cell. It is a further object of 
the invention to provide the method of producing, especially, EPO 
among the eukaryotic proteins described above. 

To accomplish the objects of the present invention, the present 
invention provides a heterologous gene expression system comprising 
20 a DNA encoding a heterologous protein, a vector for receiving the DNA; 
and an avian cell for harboring the vector. 

The present invention also provides a method of producing a 
heterologous protein comprising the steps of culturing the expression 
system of claim 1 in media to express the heterologous gene, and 
25 purifying the heterologous proteins from the cell and the media. 

Preferably, the heterologous protein of the present invention is 
selected from the group consisting of those proteins that are known to 
be active only when expressed in mammalian cells (such as EPO, TPA, 
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Factor VIII, etc.) and preferably, the vector contains a promoter 
selected from the group consisting of SV early promoter, major 
immediate early promoter of human cytomegalovirus (hereafter "HCMV 
MIEP") and RSV LTR, and preferably, the avian cell is selected from 

5 the group consisting of duck embryo cell (hereafter "DE"), chicken 
embryo fibroblast (hereafter "CEF") and quail fibrosarcoma (hereafter 
"QT"), more preferably QT-VC which was isolated by the inventors. 
QT-VC was deposited to the International Depository Authority, Korea 
Research Institute of Bioscience and Biotechnology Korean Collection 

10 for Type Culture, and assigned a deposit number of KCTC 0277BP on 
August 22, 1996. The deposited QT-VC was transfected with the 
expression vector containing SY-EPO cDNA as described in Fig. 8. 

More preferably, the DNA encoding the heterologous protein is 
genomic DNA or cDNA. 

15 Further, the present invention provides an EPO production 

system comprising a DNA encoding EPO, a vector for receiving the 
DNA, and an avian cell for harboring the vector. 

Moreover, the invention provides a method of producing EPO 
comprising the steps of inserting a DNA encoding EPO into a vector, 
20 transfecting the vector into an avian cell, and culturing the transfected 
avian cell in media. 

Preferably, the avian cell of the EPO production system is DE or 
QT, and the DNA is a genomic DNA encoding EPO, more preferably, 
the DNA selected from the group consisting of SY, JM, SH and HE 
25 described in Fig. 5. 

Preferably, the vector has a promoter selected from the group 
consisting of SV early promoter, HCMV MIEP and RSV LTR. 

The present invention also provides an avian cell as a host for 
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expressing genes encoding mammalian proteins. 

Further, the present invention provides an novel EPO genomic 
sequence selected from the group consisting of SY, JM, SH and HE 
described in Fig. 5, and also provides an novel EPO amino acid 
5 sequence selected from the group consisting of JM, SH and HE 
described in Fig. 6. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 shows the expression of the bacterial CAT gene in avian 
cells. DE and CEF cells were transfected with pRc/CMV containing 

10 (+) or lacking (-) the CAT sequence. CAT activity was measured by 
determining the amount of acetylated chloramphenicol (AC) produced 
from ^-chloramphenicol. The values shown are from one 
representative of more than five independent assays. For this 
particular experiment, 10 [ig of protein was reacted with 14 C- 

15 chloramphenicol for 20 min at 37 °C. 

Fig. 2 shows the comparison of CAT gene expression between 
various cell types and between different promoters. The three 
promoter-CAT fusion constructs were transfected into DE, CEF, CHO- 
K1, and HeLa cells, and CAT activity was measured as described in 
20 Fig. 1. S, SV40 early promoter; C, HCMV MIEP; R, RSV LTR. The 
values shown are from one representative of three independent 
assays. For this particular experiment, 10 jig of protein was reacted 
with ^-chloramphenicol for 30 min at 37 °C . 



25 pCMV-lacZ constructs was transfected into DE, CHO, Vero, HeLa, 
and 293T cells by calcium phosphate-DNA coprecipitation using the 
conditions used for the experiments shown in Fig. 2. Two days after 
transfection, cells were fixed and stained with X-gal. The number of 



Fig. 3 shows the efficiency of DNA transfection in various cells. 
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blue cells per 60 mm tissue culture plate was counted. The total 
number of cells between plates were comparable at 1-3 X 10 5 . 
Transfection efficiency was calculated relative to DE cells. 

Fig. 4 shows the schematic diagram for cloning of human EPO 
5 and construction of expression vectors. The five blocks represent the 
five coding regions of EPO. The first PCR was performed using 
primers 25 and 33. The amplified DNA fragment was cloned and 
subjected to a second PCR using primers 12 and 9. The wavy tale in 
primer 12 contains the nucleotide sequence from the first coding region. 
10 Therefore, the second PCR generates the entire coding sequence of 
EPO so that the first and the second coding regions are attached to 
form without intron between them. Primers 12 and 9 contain Hindlll 
linkers at their 5' ends, enabling cloning of the EPO genomic sequence 
into various expression vectors. 

15 Fig. 5 is various EPO genomic DNA sequences. SY, SH, HE 

and JM are the EPO genomic DNA sequences cloned by the present 
invention, and AM and Gl are the EPO genomic sequences which has 
been already reported. Since the intron between the first coding 
region and the second coding region was deleted during the cloning, 

20 the deleted intron is not shown in Fig. 5. 

Fig. 6 is various EPO amino acid sequences. SY, SH, HE and 
JM are the EPO amino acid sequences cloned by the present invention, 
and AM and Gl are the EPO amino acid sequences which have been 
already reported. The abbreviation of the amino acids are as follows: 

25 A: alanine R: arginine N: asparagine D: aspartic acid 

C: cystein Q: glutamine E: glutamic acid H: histidine 

I: isoleucine L: leucine K: lysine M: methionine 
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15 



20 



F: phenylalanine P: proline S: serine 

T: threonine W: tryptophan Y: tyrosine V: valine 

Fig. 7 shows the comparison of CAT gene expression between 
QT-VC and other mammalian cell lines. pCMV-CAT was transfected 
to QT-VC; CHO-K1, and Vera cells, and CAT activity was measured as 
described in Fig. 1 . The transfection efficiency, as measured by X-gal 
staining following cotransfection with pCMV-lacZ, was reproducibly 3- 
5 % in all cases. For this particular experiment, 50 \ig of protein were 
incubated with ^-chloramphenicol for one hour at 37 °C. 

Fig. 8 is the typical structure of a plasmid used to express EPO 
in QT cells. The two types of BamHI cassettes which could express 
the gene for human glutamine synthetase (GS) was made. In these 
BamHI cassettes, the GS cDNA sequence was flanked by the poly A 
sequence from the bovine growth hormone gene and one of the two 
promoters, the partial MMTV LTR (from -220 to +15 from the RNA start 
site) or the 220 bp HSV tk promoter. The BamHI fragment expressing 
GS was inserted into the BamHI site of pCI-neo (Promega, Madison, 
Wl, USA), resulting in a series of pIGA. The Hindlll fragment of the 
SY-EPO cDNA sequence was cloned into the Smal site of pIGA, 
generating the EPO expression vector, pIGA-EPO. 

Fig. 9 shows the production of EPO by QT-N4D4. QT-N4D4 
cells were grown to confluence in a 10 cm culture dish (day 0) in M-199 
containing 10 % FBS and 1 mM MSX. On day 3, the EPO level was 
measured. The cells were then split into 1:3 and seeded onto 10 cm 
dishes. On day 6, the cells were again reached confluence, and the 
medium was replaced with 10 ml fresh medium containing 2 % (•) or 
1 0 % (O) FBS. EPO levels were determined by ELISA (R&D system, 
Minnesota, USA) 
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Fig. 10 shows the comparison of EPO concentration in DE (#) 
and QT-N4D4 (O) measured by ELISA and by in vitro bioassay. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The inventors have explored the possibility of using avian cells 
5 as a host cell for heterologous gene expression. We have chosen to 
use three avian cells; two embryonic cells from chicken and duck, and a 
quail fibrosarcoma line. We chose to use the chicken and duck 
embryo cells for the following the reasons. First, these embryonic 
cells can easily be prepared from eggs, and they divide rapidly, 

10 undergoing many passages. Second, chicken and duck cells can be 
grown at large scale with relatively low costs. Third, some avian cells, 
such as those from chicken embryos have already been used for 
medical products. For example, influenza virus has been cultured in 
chicken eggs for the production of vaccines. Finally, the culture 

15 conditions, including media and temperature, required by avian embryo 
cells are virtually identical to those of mammalian cells, suggesting that 
the physiology of avian and mammalian cells is probably comparable. 
Further, the reason of choosing a QT cell line is that various 
transformed cell lines have been already developed, and it is easy to 

20 handle these cell lines to construct a permanent cell line expressing a 
heterologous protein, and the culture conditions and media is similar to 
those of mammalian cells. 

I. Cells and Plasmids 

1. Cells 

25 The following Table 1 shows cells used in the experiment. 
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Table 1 



Cells 


Source 


HeLa human cervical carcinoma cells 


ATCC CCL2 


Vero African green monkey kidney cells 


ATCC CCL81 


COS-7 African green monkey kidney cells 
transformed by wild-type T antigen of 
SV40 


ATCC CRL1651 


CHO-K1 Chinese hamster ovary cells 


ATCC CCL61 


NIH3T3 contacted-inhibited Swiss mouse 
embryo cells 


ATCC CRL1651 


Ad-5 transformed human embryonic 
kidney cells 293 


ATCC CRL1651 


, SL-29 chicken embryo fibroblast cells 


ATCC CRL1590 


Duck embryo 


ATCC CCL141 
or prepared by the 
inventors 


Quail fibrosarcoma line QT6 


ATCC CRL1708 


Quail fibrosarcoma line QT-VC 


Isolated by the inventors 
KCTC 0277BP 



All these cells except QT cell lines were grown in Dulbecco's 
modified Eagle's medium (DMEM) supplemented with 10% fetal bovine 
serum (FBS). QT cell lines were cultured in M199 medium instead of 
DEME. Duck embryo was either obtained from ATCC CCL 141 or 
prepared by trypsinization of 10- to 13- day old decapitated duck 
embryos. These avian cells were grown in minimum essential medium 
(Eagle) supplemented with non-essential amino acids and Earle's 
balanced salt solution containing 10 % FBS. These cells could be 
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maintained for approximately another 30 passages. Each medium 
used in this study was supplemented with 120 fig/ml penicillin G 
(Sigma P-3032; 1690 units permg) and 200 ng/ml streptomycin (Sigma 
S-9137; 750 units per mg). 

5 2. Plasmids 

To evaluate the efficiency of heterologous protein production in 
avian cells, pRc/RSV-CAT and pRc/CMV-CAT were constructed by 
inserting a Hindlll CAT cassette (Pharmacia, Piscataway, NJ) into the 
Hindlll sites of pRc/RSV and pRc/CMV (Invitrogen, San Diego, 

10 California, USA), respectively. For pSVCAT, the plasmid p9l8 was 
used, which has been already described by the inventors. For EPO 
expression vectors, three vectors were used. pCMV-gEPO was 
constructed by cloning the Hindlll fragments of the EPO genomic 
sequence into the Hindlll site of pRc/CMV. pSV-gEPO was derived by 

15 replacing the CAT sequence of pSV918 with the genomic EPO 
sequence. pIGA-EPO has cDNA of EPO controlled by HCMV MIEP 
and the genes of NEO and glutamine synthetase (hereafter "GS"). To 
measure the transfection efficiency, the plasmid pCMV-lacZ was 
constructed by inserting bacterial lacZ fragment into the Hindlll site of 

20 pRc/CMV. 

II. DNA Transfection and Gene Expression Assays 

The inventors tested whether avian embryo cells could be used 
for high levels of heterologous gene expression instead of mammalian 
cells. Although avian embryo cells have been used to culture viruses, 
25 there was no report that heterologous proteins of higher eukaryotic cells 
were expressed in these cells. To carry out the study, it is necessary 
to develop the method of efficient transfection to avian cells. That is, 
to express heterologous genes in avian cells, it is required to develop 
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the transfection technique of DNA to target cells. At present, we could 
not find any reports on DNA transfection of avian embryo cells. 
Accordingly, the inventors have developed the technique that CEF and 
DE cells can readily be transfected with DNA. 

5 Among the techniques available, we have chosen a method 

using calcium phosphate coprecipitation, because this works well for 
various adherent cells and can also be used for establishing permanent 
lines. We have tested many different conditions and found that the 
following procedure was optimum. 

10 When cultures were 50-70% confluent in a 100 mm culture dish, 

a total of 10 ug DNA in HBS buffer (140 mM NaCI, 5 mM KCI, 0.75 mM 
Na 2 HP04.2H 2 0, 6 mM dextrose, 25 mM HEPES) was incubated with the 
cells for 30 min at room temperature. 10 ml of regular media 
containing FBS was added and incubated for 20 hrs at 37 °C, except for 

15 CHO-K1 (8 hours). Cells were then treated with 10 ml of 100 uM 
chloroquine, and incubated for another 3 hours at 37 °C. After 
replacement with 10 ml of fresh media, the cells were grown for 1 to 2 
days. Culture supernatants were collected and centrifuged at 1000 
rpm for 10 min to remove cells and debris. To measure transfection 

20 efficiency, cells were transfected with pCMV-lacZ, rinsed once with 
PBS 3 days after transfection, fixed with 0.5 % glutaraldehyde (in PBS) 
for 10 min, and washed twice for 2-10 min each with 4 ml PBS 
containing 1 mM MgCI 2 . For X-gal staining, the staining solution [PBS 
containing 4 mM K3Fe(CN) 6 , 4 mM K4Fe(CN) 6 .3H 2 0, 2 mM MgCI 2 , and 

25 400 jig per ml X-gal (in dimethylformamide)] was added to fixed cells, 
and incubated at 37 °C for 4 hours overnight. When the reaction was 
completed, cells were washed once with PBS. Stained cells were kept 
in PBS. 
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CAT assay was carried out as follows: 

Two to three days after transfection, cells were harvested, 
washed once with PBS, and resuspended in 0.25 M Tris-HCI (pH 7.5). 
Total proteins were prepared by 4 cycles of freeze/thawing followed by 
5 heating at 65 °C for 7 min. Equivalent amounts of protein were 
assayed for CAT activity at 37 °C for 30 min. The amount of protein 
and the reaction time varied, depending on the experiments. For 
example, the CAT activity of cell extracts prepared from DE cells was 
so high that only 10 \ig protein and 20 to 30 min reaction time had to be 

10 used, and under this condition, levels of CAT activity in other 
mammalian cells were very low or undetectable. When CAT activity 
became detectable in other cells, virtually all ^-chloramphenicol was 
converted. The percent conversion of ^-chloramphenicol to its 
acetylated forms was determined by cutting out regions containing 

15 unreacted and acetylated forms and quantifying the amount of 
radioactivity in each by liquid scintillation counting. 



Gene expression efficiency of DE and CEF was measured using 
CAT gene. We initially chose to use a promoter from the major 

20 immediate-early region of HCMV, because this has been shown to 
drive a high level gene expression in many different cell types. In the 
plasmid pCMV-CAT, the bacterial CAT gene is placed under the control 
of the HCMV MIEP. As a negative control, the plasmid Rc/CMV 
containing the promoter but no CAT sequence was used. These 

25 plasmids were transfected into DE and CEF cells and CAT activity was 
measured to estimate the efficiency of transfection and gene 
expression. One representative result from several independent 
transfections is shown in Fig. 1. Transfection of a control plasmid 
resulted in undetectable levels of CAT activity in both cells. However, 



III. Gene Expression in DE and CEF 
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transfection with pCMV-CAT resulted in readily detectable levels of 
CAT activity in both cells. In more than five independent transfection 
assays, the level of CAT activity was always higher in DE cells than in 
CEF cells. The magnitude of difference in the level of CAT activity 
5 between the two cells ranged from 10- to 50-fold, depending on the 
experiment. This result indicated that avian cells were readily 
transfected with DNA and the heterologous genes could be efficiently 
expressed. 

IV. Comparison of Levels of Gene Expression between Avian 

0 and Mammalian Cells, and between Different Promoters 

We have compared the levels of gene expression between avian 
and mammalian cells, using three different promoters; 

(1) the SV40 early promoter, which is used during the early 
transcriptional phase of SV40 infection; 

5 (2) the HCMV MIEP, which drives the expression of IEI and IE2 

regulatory proteins, immediately after HCMV infection; 

(3) the RSV LTR from an avian retrovirus. 

These promoters are known to be powerful in mammalian cells, 
and have often been used for high level heterologous gene expression. 

) These promoter-CAT fusion constructs were transfected into 

four different cell lines, DE, CEF, CHO-K1, and HeLa, and CAT activity 
measured to compare the efficiency of gene expression between 
promoters and between cell types. To make this comparison 
semi-quantitative, all transfections and CAT assays were performed at 

1 the same time and using identical conditions. One representative 
result of such experiments is shown in Fig. 2. Here, 10 \ig of cell 
extracts were incubated for 30 min in the CAT reaction. Under these 
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particular conditions, the levels of CAT expression driven from the three 
promoters were very low in CHO and HeLa cells (Fig. 2). Only after 
larger amounts of proteins were used for extended reaction time, was 
CAT activity detected. In contrast, CAT activity was readily detectable 
5 in the avian cells (Fig. 2), except for the SV40 promoter in CEF cells. 
It indicated that the expression in avian cells are more effective than 
that in mammalian cells. 

The most dramatic finding was that the HCMV MIEP was 
extremely powerful in DE cells. In Fig. 2, the conditions used for the 

10 CAT reaction were chosen to generate the reasonable levels of CAT 
activity in other samples. When the CAT reaction was performed 
under limiting conditions for the protein sample prepared from DE cells 
transfected with pCMV-CAT (i.e., when the CAT conversion was below 
50 %), the levels of CAT activity of all the other samples were virtually 

15 undetectable. Therefore, the magnitude of difference in CAT activity 
between the protein sample from DE cells transfected with HCMV-CAT 
and those from the other transfections is at least two orders of 
magnitude. These results suggested that heterologous genes could 
be expressed very efficiently under the control of the HCMV MIEP in 

20 DE cells. 

It is possible that the high levels of CAT expression seen in DE 
cells could be due to efficient transfection of the cell population, rather 
than an ability of these cells to support strong gene expression. To 
distinguish these possibilities, we transfected pCMV-lacZ into DE and 
25 various animal cells. After transfection, cells were stained with X-gal, 
and the number of blue cells were counted to estimate the transfection 
efficiency. As shown in Fig. 3, the number of stained cell was always 
comparable between DE and other animal cells, suggesting that the 
high levels of CAT expression in DE cells were due to high levels of 
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expression in individual cells. 

V. Cloning of human erythropoietin 

To test whether DE cells could indeed be used for the 
expression of medically important human proteins, we have isolated the 
5 genomic DNA encoding the human EPO gene. We chose to use EPO 
as a model because it is a secreted protein, so we could test whether 
DE cells properly process secreted proteins. We also used a genomic 
clone of EPO instead of the cDNA, to assess whether human genes are 
properly spliced to produce functional mRNAs in DE cells. 

10 DNAs for cloning of EPO were prepared with blood cells 

collected from four people. Human peripheral blood lymphocytes 
were isolated by Ficoll-Hypaque gradient centrifugation of 
heparin-treated blood cells. Total DNA was prepared and used for 
polymerase chain reaction using specific oligonucleotide primers (Fig. 

15 4). The region around the start codon was highly GC rich, so the EPO 
sequence was cloned by two steps of PCR using two different pairs of 
primers. 

To obtain the genomic DNA for EPO, total DNA was prepared by 
lysing human peripheral blood lymphocytes using TES (10 mM Tris-HCI 
20 pH 7.8; 1 mM EDTA; 0.7 % SDS) followed by the treatment with 
400 |ig/ml proteinase K at 50 °C for 1 hour, phenolrchloroform 
extraction, and ethanol precipitation. The polymerase chain reaction 
(PCR) was performed using 0.1 ug of total genomic DNA and 
oligonucleotide primers specific to the EPO gene. 

25 Primer #25 (sense, 5' to 3'): GAAGCTGATAAGCTGATAACC 

Primer #33 (antisense, 5* to 3*): TGTGACATCCTTAGATCTCA 

The samples were amplified through 30 cycles that included the 




PO7KR96/00145 



WO 97/08307 



PCT/KR96/00145 



following parameters; denaturation at 92 °C for 1 min, primer annealing 
at 55 °C for 1min, and primer extension at 72 °C for 1 min. The DNA 
fragment amplified from this reaction did not contain the first 13 
nucleotides in the N-terminal region, so a second PCR was performed 
5 using the following primers (Underlined, Hindlll; Outlined, start codon 
and stop codons, respectively). The relative position of these primers 
are as shown in Fig. 4. Taq DNA polymerase (POSCO Chem, Korea) 
and pfr polymerase (STRATGENE, California, USA) were used to 
amplify DNA. 

10 Primer #12 (sense, 5' to 3'): 

CAAGCTTCGGAGATGGGGTGCACGAATGTCCTGCCTGGCTGTGGC 

Primer #9 (antisense, 5' to 3'): 

C AAGCTT TCATCTGTCCCCTGTCCTGC 

The amplified DNA from the second PCR was cloned into the 
15 pCRII (Invitrogen), from which the Hindlll fragment containing the 
genomic sequence of EPO was inserted into various expression 
vectors as described above. In this experiment, the amplified DNA 
was placed under the control of the HCMV MIEP or SV40 early 
promoter, generating pCMV-gEPO and pSV-gEPO respectively. SY- 
20 EPO whose amino acid sequence is identical to that of the already 
known EPO is used for the expression experiments in the sections VII 
and VIII (See the section VI). 

VI. Analysis of Nucleotide Sequences of Cloned EPO Genomes 

Genomic structure of EPO cloned by the above method is different from 
25 the natural EPO genome in vivo. That is, wild type EPO genomic DNA 
has five coding regions and four introns between them. However, in 
the DNA cloned by the above method, the first coding region was fused 
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to the second coding region to form one coding region so that it has 
four coding regions and three introns (Fig. 4). 

The results from the analysis of EPO gene sequences isolated from 
four people suggested that nucleotide sequences of EPO cloned from 
5 these region are significantly different from those of the prior two EPOs 
(AM-EPO and GI-EPO) (Fig. 5) at the sites of intron. Such a 
difference was not due to the error which occurred during DNA 
amplification in the process of cloning . We repeated cloning and 
sequencing using DNAs prepared from same individuals (but at 
10 different times) and obtained the same nucleotide sequence. As 

another control, we amplified the already cloned EPO under the similar 
conditions, and determined the nucleotide sequence. Again, we 
obtained the same nucleotide sequence. 

Amino acid sequences of four EPO genes, together with AM and Gl, 
15 are shown in Fig. 6. Amino acid sequences from AM, Gl and SY are 
identical. However, amino acid sequences from three people (JM, SH, 
HE) different by two or three different amino acids from Gl- and AM- 
EPO, suggesting that there is a polymorphisms among people. When 
compared with AM- or GI-EPO, HE-EPO had three different amino 
20 acids at C-terminal, SH-EPO three different amino acid over the whole 
polypeptide, and JM-EPO two different amino acids, one at C-terminal 
and the other in the middle of polypeptide (See Fig. 6). For example, 
while AM-EPO and GI-EPO had serine, alanine, and valine at positions 
36, 100 and 170 respectively, SH-EPO had arginine, serine, and 
25 tyrosine. Further, while AM-EPO and GI-EPO had valine, lysine, and 
aliginine at positions 170, 177, and 191, HE-EPO had tyrosine, 
glutamine, and glycine. In JM-EPO, lysine and tyrosine were present 
at positions 54 and 170, while they were threonine and valine. These 
results suggested that the EPO gene has a polymorphism in amino 
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acids sequence as well as DNA sequence. 

VII. Expression of EPO in DE Cells 

In this experiment, we compared levels of EPO expression 
between DE cells and other cell lines. 

5 EPO expression vectors were transfected into various cells 

including DE, CEF, CHO, HeLa, VERO, and 293T. We have included 
VERO cells because they are often used for heterologous gene 
expression, and 293T cells which drive very high levels of gene 
expression, presumably due to both the high frequency of DNA 

10 transfection and the presence of potent viral transactivators such as 
EIA, EIB, and large T antigen. Two to three days after transfection, 
levels of EPO in the culture supernatants were measured by the 
enzyme linked immunoadsorbent assay, and transfection efficiencies 
were determined by staining cells adhered on the culture with X-gal. 

15 Transfection efficiency was carried out by transfection of a lacZ 
expression vector together with an EPO expression vector as described 
in the section II. One representative result of this analysis is 
summarized in Table 2. 



Table 2 



Cell 


HCMV MIEP 


SV40 early 
promoter 


HCMV/SV40 


293 


314 


17.5 


18 


CHO 


139.4 


10.4 


13.5 


VERO 


250 


10.7 


23.5 


NIH3T3 


89 


79.4 


1.1 


DE 


4335 


13.8 


314.8 



20 

When the SV40 early promoter was used, there was little 
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difference in the levels of EPO between cell types. However, when 
the HCMV MIEP was used, DE cells produced much higher levels of 
EPO than any other cell lines tested. The HCMV MIEP was much 
more active than the SV40 early promoter in almost all the cells tested. 

This difference was especially pronounced in DE cells, where the 
former produced 315 times more EPO than the latter. Among the 
various cell types, DE cells always produced the highest level of EPO. 

CHO cells are the source of cell lines producing EPO that is currently 
used for human application. In this transient system, however, the 
level of EPO in CHO cells was at least 30-fold lower than in DE cells. 
Difference between DE and 293T cells was also considerable. 
Transfection efficiency of 293T was higher by about 30-folder than any 
other cells including DE ceHs. Moreover, 293T cells produce potent 
viral transcription transactivators. Nevertheless, DE produced 10- 
folder more EPO than 293T, suggesting that DE could drive high levels 
of the gene expression. 

In conclusion, human EPO could efficiently be produced and 
secreted in DE cells and that the HCMV MIEP is the promoter of choice 
for driving high level heterologous gene expression in DE cells. 

In summary, we found that DE cells could produce very high 
levels of bacterial and human proteins. All three promoters tested 
drove higher levels of gene expression in DE cells than any other cell 
lines used in this study. In particular, the HCMV MIEP was extremely 
powerful in DE cells. The high level of heterologous gene expression 
observed was not due to a higher number of transfected cells. It 
appears that DE cells properly process splicing and secretion because 
transfection of DE cells with an expression vector containing the EPO 
genomic DNA sequence produced a large quantity of EPO in the 
culture supernatant. 
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For DE cells to be used for industrial purpose, one would need to 
develop large-scale culture techniques for these cells. There are two 
possible ways. First, it may be possible to use primary cells 
themselves as the producer line. A large number of DE cells can 
5 easily be prepared from 10- to 13 day-old duck embryos. From one 
embryo, we can readily obtain 1 0 9 to 1 0 10 cells that can undergo at least 
15 passages. Therefore, it is possible to transfect DE cells at the 
earliest possible stage with an expression vector followed by selection 
of transfected cells, which might require 4-7 passages. Even if less 

10 than 5% of the cells were transfected, a large number of transfected 
cells would be available, suggesting that large-scale culture of primary 
duck embryo cells is not impossible with primary cells. Second, it will 
be possible to transform duck embryo cells at an early stage, using one 
of the large number of well-characterized oncogenes that are available. 

15 With transformed DE cells, a producer line could be constructed, and 
better quality control of protein production be established. It remains 
to be seen whether transformed DE cells will still maintain the capability 
for high level gene expression. Although a number of biological 
questions remain to be answered, the potential of these cells for the 

20 production of various proteins warrants further investigation. 

VIII. Heterologous Gene Expression 
in the Transformed Avian Cell Line 

The above experiments demonstrated the great potential of DE 
cells as producers of heterologous proteins such as EPO. However, 
25 DE cells used in the above experiments are primary cells and stop 
dividing after 30-40 passages in vitro. Therefore, unless DE cells are 
transformed or special techniques are developed as described above, it 
is difficult to use these embryonic cells for industrial production of 
heterologous proteins. 
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In the following study, we tested whether the transformed avian 
cell line, namely the quail fibrosarcoma line, could be used to produce 
EPO. The quail fibrosarcoma line used in this study, QT-VC, was 
subcloned from QT6 (ATCC CRL1708). This line was derived from 
5 methylcholanthrene-induced fibrosarcoma of Japanese quail. QT-VC 
is different from its parental line in at least two aspects. First, QT-VC 
grows faster than the parental line in M 199 medium containing 10% 
FBS used in this study. The former divided every 12-24 hours, while 
the doubling time of the latter was 24-36 hours. Second, the QT-VC 
10 cell looks more roundish than QT6 which generally grows in a longish 
form. Like its parental line, QT-VC did not grow well when it was 
seeded at a low density. Therefore, cells had to be split to 1/3 to 1/2 
after reaching confluence for continuous culture. 

1 . Analysis of Gene Expression in QT-VC Cells 

15 We compared the levels of gene expression between QT-VC 

and mammalian cells using pCMV-CAT. We chose to use the HCMV 
MIEP as this promoter was shown to drive high levels of gene 
expression in various cell types including avian cells (See the section 
IV). pCMV-CAT was transfected into 3 cell lines, QT-VC, CHO-K1 and 

20 Vera. To make this comparison semi-quantitative, all transfections 
and CAT assays were performed at the same time and using identical 
conditions. Transfection efficiency was also measured by 
cotransfecting pCM-lacZ followed by X-gal staining. The efficiency 
was approximately 3 % in all cases. Under these conditions, the 

25 levels of CAT expression in QT-VC cells were always 2-3 times higher 
than mammalian cell lines used in this study (Fig. 7). Although the 
level of gene expression in QT-VC cells appears to be lower than DE 
cells, the quail fibrosarcoma line is at least as good as mammalian cell 
lines, suggesting that it could be used as a producer for heterologous 
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proteins. 



2. Construction of EPO Expression Vectors for QT-VC Cells 

To test whether high levels of heterologous proteins could be 
expressed in QT cells, we have constructed other EPO expression 
5 vectors. The basic strategy for the construction of an expression 
vector was as follows: 

First, we chose to use the HCMV MIEP to drive expression of the 
heterologous gene as it had already been shown to be one of the 
strongest promoters in avian cells as well as mammalian cells. 

10 Second, the human glutamine synthetase (GS) gene was used 

for amplification of the target gene. Generally, the gene of interest is 
amplified to augment the yield of protein by using certain selectable 
markers in the presence of specific chemicals. One of the best 
examples is the dihydrofolate reductase (DHFR) gene. It has been 

15 shown that the copy number of the heterologous gene and the level of 
respective protein increase as the concentration of methotrexate (MTX) 
in the medium is slowly increased. However, this system requires the 
host cell defective in the gene DHFR, so cannot be directly applied to 
QT cells for which such a mutant line is not yet available. For this 

20 reason, we chose to use the GS gene. In this case, the host cell line 
need not to be deficient for GS, because only multiple copies of the GS 
gene can confer resistance to methionine sulfoximine (MSX). 

The overall structure of EPO expression vectors constructed for 
the use in QT cells is shown in Fig. 8. In this structure, the cDNA 
25 sequence for EPO is under the control of the HCMV MIEP, the bacterial 
Neo gene is used as the first selectable marker, and the human GS 
gene is also present as the second selectable marker in the same 
plasmid. The backbone of expression vectors used in this particular 
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experiment was pCI-neo (Promega, USA) which uses the HCMV MIEP 
and the intron from the p-globin genome. We have made a couple of 
different constructs in which the GS gene is driven by the partial MMTV 
LTR (from -220 to +15) or the 220 bp HSV tk promoters. In either 
5 case, the magnitude of gene amplification appears to be comparable 
(Data not shown). Detailed procedure and supplementary data 
regarding the construction of expression vectors is available upon 
request. 

3. Construction of QT-VC Cells Stably Expressing EPO 

10 To construct QT-VC cell lines constitutively expressing EPO, the 

cells were transfected with an EPO expression vector by a calcium 
phosphate coprecipitation method as described in the section II. 
Three days after transfection, EPO production was confirmed by EILSA 
and transfected cells were treated with G418 (0.8 mg/ml) and MSX (25 

15 nM). When G41 8-resistant cells were grown to confluence, cells were 
diluted for sublconing. Because QT-VC cells do not grow efficiently at 
a low cell density, cells were seeded on 10-cm culture dishes at various 
numbers (10 2 , 10 3 , 10 4 , 10 5 per dish). Then the colonies that grew 
distant from other colonies were isolated by plastic O rings and 

20 expanded onto a 96-well plate. When cells reached 70 % confluence, 
the EPO level was measured. Subclones that produced more than 
200 U/ml were serially expanded from the 12-well to 6-well to 60 mm 
culture plates. When cells reached confluence on a 60 mm dish, cells 
were split on 6-well plates and then treated with various concentrations 

25 of MSX (100 ^iM, 250 ^iM, 1 mM). Using this procedure, several 
subclones that produced large amounts of EPO and also grew fast 
were selected. 

One of the subclones obtained through this procedure is QT- 
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N4D4. As shown in Fig. 9, this subclone produced 1200 U/ml when 
grown for 3 days after confluence. When the cells were split to 1:3, 
seeded on 10 cm dishes, and allowed to grow for another 3 days, N4D4 
still produced 1000 U/ml. The medium was then replaced with a fresh 
5 media containing 2 % FBS and the cells still produced 400 U/ml EPO. 
These results indicated that QT cells could produce a large quantity of 
EPO. 

In conclusion, the above experiment demonstrated the great 
potential of QT cells as a producer for heterologous protein. 

10 IX. Biological Activity of EPO Produced in Avian Cells 

EPO is heavily glycosylated and such glycosylation is required 
for its biological activity. For example, EPO produced in £ coli or 
yeast is inactive or very weakly active in vivo. To test whether EPO 
expressed in DE or QT cells was biologically active, we carried out an in 
15 vitro bioassay using spleen cells isolated from mice treated with 
phenylhydrazine. 

EPO assay: Absolute levels of EPO production after 
transfection of various cells were determined by enzyme linked 
immunoadsorbent assay which is currently used to, measure EPO 

20 levels in the human serum (R&D Systems Inc., Minnesota, USA). To 
measure the biological activity of EPO, in vitro bioassay was carried out 
by the method of Krystal as modified by Goldberg et al Spleen cells 
were taken from C57BL X C3H Fl hybrid mice (Seoul National 
University Laboratory Animal Center) on day 3 after the second of two 

25 daily injections of phenylhydrazine (60 mg/Kg of body weight per day) 
and spleen cell suspensions were prepared with Lymphoprep™ 
(NYCOMED PHARMA AS, Oslo, Norway). The spleen cells (final 
concentration 4 X 10 6 cells per ml) were then incubated in 24 well tissue 
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culture plates with various standard doses of EPO (CILAG AG 
International, Switzerland; specific activity 2000 U/ml) or unknown 
samples for 22 hr and then pulsed with 4 nCi/well tritiated thymidine 
(Amersham Co.) for 2-3 hr. The cells were harvested, washed with 
5 PBS several times and lysed by 0.3 N NaOH and 0.1% SDS. 
Radioactivity in LSC cocktail solutions were calculated by a Pharmacia 
Wallac 1410 scintillation counter. 

Culture supernatants from QT-N4D4 cells or DE cells transfected 
with EPO expression vectors were taken to measure levels of EPO by 

10 both ELISA and the bioassay. The ELISA measures absolute 
concentration, and is currently used for determining EPO concentration 
in human serum. On the other hand, the bioassay determines 
biological activity using a control EPO that has been produced from 
mammalian cells and is currently being used in humans. Fig. 10 

15 compares the difference in levels of EPO determined by these two 
methods. The ratio between the values (mU) was I ± 0.15, and the 
specific activity of EPO produced from DE cells was estimated to 105 
U/ng. Therefore, the levels of EPO measured by ELISA were very 
comparable to those obtained by the bioassay. This result suggested 

20 that EPO produced from these avian cells had a similar biological 
activity to commercially available EPO. 
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What is claimed is: 



1 . A heterologous gene expression system comprising: 



a DNA encoding a heterologous protein; 



a vector for receiving the DNA; and 



an avian cell for harboring the vector. 



2. The expression system of claim 1 , wherein the heterologous 
protein is selected from the group consisting of TPA, Factor VIII and 
EPO. 

3. The expression system of claim 1, wherein the vector 
10 contains a promoter selected from the group consisting of SV early 

promoter, HCMV MIEP and RSV LTR 

4. The expression system of claim 1 , wherein the avian cell is 
selected from the group consisting of DE, CEF and QT. 



encoding the heterologous protein is DNA or cDNA. 

7. An avian cell as a host for expressing a gene encoding a 
mammalian heterologous protein. 

8. A method of producing a heterologous protein comprising 
20 the steps of; 

culturing the avian cell containing the expression system of claim 
1 to express the gene of the heterologous protein in media; and 

purifying the heterologous protein from the cell and the media. 

9. The method of claim 8, wherein the heterologous protein is 
25 selected from the group consisting of TPA, Factor VIII and EPO. 



5. The expression system of claim 4, wherein the QT is QT-VC. 



6. The expression system of claim 1, wherein the DNA 



WO 97/08307 



26 



PCT/KR96/00145 



10. The method of claim 8, wherein the vector contains a 
promoter selected from the group consisting of SV early promoter, 
HCMV MIEP and RSV LTR. 

11. The method of claim 8, wherein the avian cell is selected 
5 from the group consisting of DE, CEF and QT. 

12. The method of claim 1 1 , wherein the QT is QT-VC. 

13. The method of claim 8, wherein the DNA encoding the 
heterologous protein is DNA or cDNA. 

14. An EPO production system comprising: 
10 a DNA encoding EPO; 

a vector for receiving the DNA; and 
an avian cell for harboing the vector. 

1 5. The EPO production system of claim 14, wherein the avian 
cell is DE or QT. 

15 16. The EPO production system of claim 15, wherein the QT is 

QT-VC. 

17. The EPO production system of claim 14, wherein the DNA 
is a genomic DNA encoding EPO. 

18. The EPO production system of claim 14, wherein the DNA 
20 encoding EPO is selected from the group consisting of SY, JM, SH and 

HE described in Fig. 5. 

19. The production system of claim 14, wherein the vector 
contains a promoter selected from the group consisting of SV early 
promoter, HCMV MIEP and RSV LTR. 

25 20. A method of producing EPO comprising the steps of: 
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inserting a DNA encoding an EPO into a vector; 
transfecting the vector into an avian cell; and 
culturing the transfected avian cell in media. 
21 . The method of claim 20, wherein the avian cell is DE or QT. 
5 22. Them method of claim 21 , wherein the QT is QT-VC. 

23. The method of claim 20, wherein the DNA encoding EPO is 
a genomic DNA. 

24. The method of claim 20, wherein the DNA encoding the 
EPO is selected from the group consisting of SY, JM, SH and HE 

10 described in Fig. 5. 

25. The method of claim 20, wherein the vector contains a 
promoter selected from the group consisting of SV40 early promoter, 
RSV LTR and HCMV MIEP. 

26. An EPO genomic sequence selected from the group 
15 consisting of SY, JM, SH and HE described in Fig. 5. 

27. An EPO amino acid sequence selected from the group 
consisting of JM, SH and HE described in Fig. 6. 
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FIG.3 
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FIG.5A 



ATGG6GGTGCACGAAT6TCCTGCCTGGCTGTGGCTTCTCCTGTCCCTGCT 50 

ATGGGGGTGCACGAATGTCCTGCCTGGCTGTGGCTTCTCCTGTCCCTGCT 50 

ATGGGGGTGCACGAATGTCCTGCCTGGCTGTGGCTTCTCCTGTCCCTGCT 50 

ATGGGGGTGCACGAATGTCCTGCCTGGCTGTGGCTTCTCCTGTCCCTGCT 50 

ATGGGGGTGCACGAATGTCCTGCCTGGCTGTGGCTTCTCCTGTCCCTGCT 50 

ATGGGGGTGCACGAATGTCCTGCCTGGCTGTGGCTTCTCCTGTCCCTGCT 50 

**nHr**************************^ 

GTCGCTCCCTCTGGGCCTCCCAGTCCTGGGCGCCCCACCACGCCTCATCT 100 

GTCGCTCCCTCTGGGCCTCCCAGTCCTGGGCGCCCCACCACGCCTCATCT 100 

GTCGCTCCCTCTGGGCCTCCCAGTCCTGGGCGCCCCACCACGCCTCATCT 100 

GTCGCTCCCTCTGGGCCTCCCAGTCCTGGGCGCCCCACCACGCCTCATCT 100 

GTCGCTCCCTCTGGGCCTCCCAGTCCTGGGCGCCCCACCACGCCTCATCT 100 

GTCGCTCCCTCTGGGCCTCCCAGTCCTGGGCGCCCCACCACGCCTCATCT 100 

GTGACAGpCGAGTCCTGGAGAGGTACCTCTTGGAGGCCAAGGAGGCCGAG 150 



GTGACAG 



GTGACAG XGAGTCCTGGAGAGGTACCTCTTGGAGGCCAAGGAGGCCGAG 150 



GTGACAG 



IGAGTCCTGGAGAGGTACCTCTTGGAGGCCAAGGAGGCCGAG 150 



CGAGTCCTGGAGAGGTACCTCTTGGAGGCCAAGGAGGCCGAG 150 



GTGACAGApGAGTCCTGGAGAGGTACCTCTTGGAGGCCAAGGAGGCCGAG 150 

GTGACAGbCGAGTCCTGGAGAGGTACCTCTTGGAGGCCAAGGAGGCCGAG 150 
★★★★^★Ij********^***********************^***^^^** 

AATATCACGGTGAGACCCCTTCCCCAGCACATTCCACAGAACTCACGCTC 200 

AATATCACGGTGAGACCCCTTCCCCAGCACATTCCACAGAACTCACGCTC 200 

AATATCACGGTGAGACCCCTTCCCCAGCACATTCCACAGAACTCACGCTC 200 

AATATCACGGTGAGACCCCTTCCCCAGCACATTCCACAGAACTCACGCTC 200 

AATATCACGGTGAGACCCCTTCCCCAGCACATTCCACAGAACTCACGCTC 200 

AATATCACGGTGAGACCCCTTCCCCAGCACATTCCACAGAACTCACGCTC 200 
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FIG.5B 



AM 
GI 
SY 
JM 
SH 
HE 



AGGGCTTCAGGG 
AGGGCTTCAGGG 
AGGGCTTCAGGG 
AGGGCTTCAGGG 
AGGGCTTCAGGG 
AGGGCTTCAGG 



•AACTCCTCCCAG 
AACTCCTCCCAG 
AACTCCTCCCAG 
AACTCCTCCCAG 
AACTCCTCCCAG 



IGGGAAI 



ATCCAGGAACCTGGCACTTGGTTT 248 

ATCCAGGAACCTGGCACTTGGTTT 248 

ATCCAGGAACCTGGCACTTGGTTT 248 

ATCCAGGAACCTGGCACTTGGTTT 248 

ATCCAGGAACCTGGCACTTGGTTT 248 



\CTCCTCCCAGp ATCCAGGAACCTGGCACTTGGTTT 250 
_ ************************ 



AM GGGGTGGAGTTGGGAAGCTAGACACTGCCCCCCTACATAAGAATAAGTCT 298 

GI GGGGTGGAGTTGGGAAGCTAGACACTGCCCCCCTACATAAGAATAAGTCT 298 

SY GGGGTGGAGTTGGGAAGCTAGACACTGCCCCCCTACATAAGAATAAGTCT 298 

JM GGGGTGGAGTTGGGAAGCTAGACACTGCCCCCCTACATAAGAATAAGTCT 298 

SH GGGGTGGAGTTGGGAAGCTAGACACTGCCCCCCTACATAAGAATAAGTCT 298 

HE GGGGTGGAGTTGGGAAGCTAGACACTGCCCCCCTACATAAGAATAAGTCT 300 

AM GGTGGCCCCAAACCATACCTGGAAACTAGGCAAGGAGCAAAGCCAGCAGA 348 

GI GGTGGCCCCAAACCATACCTGGAAACTAGGCAAGGAGCAAAGCCAGCAGA 348 

SY GGTGGCCCCAAACCATACCTGGAAACTAGGCAAGGAGCAAAGCCAGCAGA 348 

JM GGTGGCCCCAAACCATACCTGGAAACTAGGCAAGGAGCAAAGCCAGCAGA 348 

SH GGTGGCCCCAAACCATACCTGGAAACTAGGCAAGGAGCAAAGCCAGCAGA 348 

HE GGTGGCCCCAAACCATACCTGGAAACTAGGCAAGGAGCAAAGCCAGCAGA 350 
**k**********irk***************irk**********^ 



AM 
GI 
SY 
JM 
SH 
HE 



TCCTAG§GCCTGT( 
TCCTAC 



GCCTGTGGHCCAGGG C C AG - / 
TCCTAdGGCCTGTGGGCCAGGGC CAA-i 




ICCAGGQCC^G-- 



TCCTAQG GCCTGTGG GCCAGGG C CAGi 
TCCTAC GGCCTGTGG GCCAGGG C-C A -G, 
TCCTAC G GCCTGTGGGCCAGGGC CA 




CTTCAGGGACCCTTGACTCC 397 

CTTCAGGGACCCTTGACTCC 395 

CTTCAGGGACCCTTGACTCC 397 

ICCTTCAGGGACCCTTGACTCC 398 

|CCTTCAGGGACCCTTGACTCC 397 

CTTCAGGGACCCTTGACTCC 399 



WO 97/08307 



PCT/KR96/00145 



7/17 

FIG.5C 



AM 
GI 
SY 
JM 
SH 
HE 



AM 
GI 
SY 
JM 
SH 
HE 



AM 
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AM 
GI 
SY 
JM 
SH 
HE 



CCGGGCTGTlGTGCA' 
SfTGCAT 
FGCA" 



CCGGGCTGTt 
CCGGGCTG 



CCGGGCTGT 



CCGGGCTGT GrGCATT: 



mim mlm ■»■>■ » 1. 

7T X Tr7v7CXXX « 



CCGGGCTGT G TGCATT T 2, 



TTtTt 



AGADjGGCTGTGCTGAACACTGCAGCTTGAAT 447 

:AGAC3GGCTGTGCTGAACACTGCAGCTTGAAT 445 

iTTTGCATTfltAGAjCGGGCTGTGCTGAACACTGCAGCTTGAAT 447 

AGA AlGGGCTGTGCTGAACACTGCAGCTTGAAT 448 

CAGApSGGCTGTGCTGAACACTGCAGCTTGAAT 447 

GGCTGTGCTGAACACTGCAGCTTGAAT 449 



TGCATT T 



Al 



GACGGG 

**|_J**^ 



****************** 



GAS^TATCACTGTCCCAGACACCAAAGTTAATTTCTATGCCTGGAAGAG 497 

GASAATATaCTGTCCCAGACACCAAAGTTAATTTCTATGCCTGGAAGAG 495 

GAAAATATCACTGTCCCAGACACCAAAGTTAATTTCTATGCCTGGAAGAG 497 

GAGAATATCACTGTCCCAGACACCAAAGTTAATTTCTATGCCTGGAAGAG 498 

(HAGAATATCACTGTCCCAGACACCAAAGTTAATTTCTATGCCTGGAAGAG 497 

GA|G|ftATATCACTGTCCCAGACACCAMGTTAATTTCTATGCCTGGAAGAG 499 

**********************VHIr***********^******^* 



** 



GATGGAGGTGAGTTCCTnT 
GATGGAGGTGAGTTCCTTTT" 



GATGGAGGTGAGTTCCTTTTT 



GATGGAGGTGAGTTCCTTTTT 



GATGGAGGTGAGTTCCTTTTT 



GATGGAGGTGAGTTCCTTTTT 



n 



CCTTTCTTTTGGAGAATCT 547 

njTCCTTTCTTTTGGAGAATCT 545 

TT TCCTTTCTTTTGGAGAATCT 547 

FT TCCTTTCTTTTGGAGAATCT 548 

TCCTTTCTTTTGGAGAATCT 545 

CCTTTCTTTTGGAGAATCT 549 



i*********** ********* 



CATTTGCGAGCCTGAT 
CATTTGCGAGCCTGA' 
CATTTGCGAGCCTGATTT 
CATTTGCGAGCCTGATT7 
CATTTGCGAGCCTGATTT 
CATTTI 



TtGATGAAAGGGAGAETrGATCGBGGGAAAGGT 
SGATGAAAGGGAGAATGATCGAGGGAAAGGT 
TGGATGAMGGGAGAAjTGATCGWGGGAAAGGT 
TGGATGAAAGGGAGAjafrGATCGwGGGAAAGGT 
GGATGAAAGGGAGA A TGATCG AGGGAAAGGT 



GCGAGCCTGATTT G 3GATGAAAGGGAGA A fGATCGIAGGGAAAGGT 



J**************|J*r***** 
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595 
597 
598 
595 
599 
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FIG.5D 
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AAMTGGAGCAGCAGAGATGAGGCTGCCTGGGCGCAGAGGCTCEQGTCTA 
AAAATGGAGCAGCAGAGATGAGGCTGCCTGGGCGCAGAGGCTC AC GTCTA 
AAAATGGAGCAGCAGAGATGAGGCTGCCTGGGCGCAGAGGCTQACGTCTA 
AAAATGGAGCAGCAGAGATGAGGCTGCCTGGGCGCAGAGGCTC <\C GTCTA 
AAAATGGAGCAGCAGAGATGAGGCTGCCTGGGCGCAGAGGCTCAC GTCTA 
AAAATGGAGCAGCAGAGATGAGGCTGCCTGGGCGCAGAGGCTCCAGTCTA 



647 
645 
647 
648 
645 
649 



: I***** 



TAATCCCAGGCTGAGAflfeGCCG 



TAATCCCAGGCTGAGA TGGCCGA 
TAATCCCAGGCTGAGA TGGCCG 



ATGGGAGAATTGCTTGAGCCCTGGAG 697 

VTGGGAGMTTGCTTGAGCCCTGGAG 695 

ATGGGAGAATTGCTTGAGCCCTGGAG 697 

TMTCCCAGGCTGAGAjTpGCCGAbhTGGGAGAATTGCTTGAGCCCTGGAG 698 

TAATCCCAGGCTGAGA Z GGCCGA GATGGGAGAATTGCTTGAGCCCTGGAG 695 

TAATCCCAGGCTGAGA I GGCCGA jkTGGGAGAATTGCTTGAGCCCTGGAG 699 

GTTCAGACCAACCTAGGCAGCptrAGTGAGATCCCCCATCTCTACAAACAT 747 

GTTCAGACCAACCTAGGCAGC A TAGTGAGATCCCCCATCTCTACAAACAT 747 

GTTCAGACCAACCTAGGCAGC A TAGTGAGATCCCCCATCTCTACAAACAT 747 

GTTCAGACCAACCTAGGCAGC|A|rAGTGAGATCCCCCATCTCTACAAACAT 748 

745 

rAGTGAGATCCCCCATCTCTACAAACAT 749 



GTTCAGACCAACCTAGGCAGC 

i i i . » . . | * | , i * 



GTTCAGACCAACCTAGGCAGC A TAGTGAGATCCCCCATCTCTACAAACAT 



TTAAAAAAATTAGTCAGGTGAAGTGGTGCATGGTGGTAGTCCCAGATATT 797 

TTAAAAAAATTAGTCAGGTGAAGTGGTGCATGGTGGTAGTCCCAGATATT 795 

TTAAAAAAATTAGTCAGGTGAAGTGGTGCATGGTGGTAGTCCCAGATATT 797 

TTAAAAAAATTAGTCAGGTGAAGTGGTGCATGGTGGTAGTCCCAGATATT 798 

TTAAAAAAATTAGTCAGGTGAAGTGGTGCATGGTGGTAGTCCCAGATATT 795 

TTAAAAAAATTAGTCAGGTGAAGTGGTGCATGGTGGTAGTCCCAGATATT 799 
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FIG.5E 



TGG^GCTGAGGCGGGAGGATCGCnGAGCCCAGGMTTTG^GCTGCK 
TGGA A jGCTGAGGCGGGAGGATCGCTTGAGCCCAGGMTTTgWjGCTGcK 
TGGA T GGCTGAGGCGGGAGGATCGCTTGAGCCCAGGAATTTl 
TGGAAGGCTGAGGCGGGAGGATCGCTTGAGCCCAGGAATTTI 
TGGA A GGCTGAGGCGGGAGGATCGCTTGAGCCCAGGAATTTl 
TGGAAGGCTGAGGCGGGAGGATCGCTTGAGCCCAGGAATTTi 



GAGGCTGCA 
GAGGCTGC3 
'GGGGCTGCA 
GAGGCTGCA 



847 
845 
847 
848 
845 
849 



:agagti 
iagaiati 



GTGAGCTGTGATCACACCACTGCAOrCCAGCCTCAGTGACAGAj^TGAGGC 
GTGAGCTGTGATCACACCACTGCACFCCAGCCTCAGTGACAG 
GTGAGCTGTGATCACACCACTGCACTCCAGCCTCAGTGAC 
GTGAGCTGTGATCACACCACTGCAclrCCAGCCTCAGTGACAGAbtri 
GTGAGCTGTGATCACACCACTGC A A rCCAGCCTCAGTGACAGAG Tl 
GTGAGCTGTGATCACACCACTGCACTCCAGCCTCAGTGACAGAGn 



897 

I'GAGGC 895 
TGAGGC 897 
GAGGC 898 
GAGGC 895 
GAGGC 899 



CCTGTCTC/ 
CCTGTCTCA 
CCTGTCTC 
CCTGTCTCA 
CCTGTCTCA 



iAAMGAAAAMGAAAAATjAlATGAGGGCTGTATGGA 947 

iGAAAAAT AjATGAGGGCTGTATGGA 945 

iGAAAAAAGAAAAAT AwTGAGGGCTGTATGGA 947 

iAAMGAAAAAAGAAAAATAkTGAGGGCTGTATGGA 948 

iAAMGAAAAMGAAAMTAKTGAGGGCTGTATGGA 945 

tGAAAAAT|T|ATGAGGGCTGTATGGA 949 



CCTGTCTCAAAAAkbAAAAGAAAAAAGAAAAA" 



ATACl 



AjFTCATTATTCATTCACTCACTCACTCACTCA 
j|TTCATTATTCATTCACTCACTCACTCACTCATfr 



TtC, 



rpATTCATTCATT 997 
rCATTCATTCATT 995 

ATAC|A[lTCATTATTCATTCACTCACTCACTCACTCATlc|cAnCAnCAn 997 

998 
995 

:attcattcatt 999 



ATAC G) 



ATACATTCAnATTCAnCACTCACTCACTCACTCATffCATTCATTCATT 
ATACATTCAnATTCAnCACTCACTCACTCACTCATfltATTCATTCATT 



ATACA|TTCATTATTCATTCACTCACTCACTCACTCA 
****u************************** ****** 



TfTtA 
*IJ** 



'k'jC'k'te'te'icTtck'ifk 
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FIG.5F 
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CAnCMC/WSTCnATTGCATACCnCTGTlTGCTCAGCnGGTGCT|]]3 
CATTCAACA T 3TCTTATTGCATACCTTCTGTTTGCTCAGCTTGGTGCT TG 
CATTCAACAlAGTCTTATTGCATACCnCTGTTTGCTCAGCnGGTGCTCG 
CATTCAACA A GTCTTATTGCATACCTTCTGTTTGCTCAGCTTGGTGCT T I 
CATTCAACAAGTCTTATTGCATACCTTCTGTTTGCTCAGCTTGGTGCTT3 
C ATTCMCA^GTCTTATTGCATACCTTCTGTTTGCTCAGCTTGGTGCT T 3 



4, j t . i t . i t . i « 
TvH R A « A AAA 



1047 
1045 
1047 
1048 
1045 
1049 



GG 



GGG 
GGJ3 
GGC 
GG3 



, 1 J 



- 1 J 

:tg 
:tt 
:tg 




TGAGGGGCAGGAGG^]GAGGGTGACATpGG]rCAGCTGACTCCC 1097 



CTGAGGGG^GGAGGGjtGAGGGTGACATGGGfrCAGtTGACTCCC 1098 
rTGAGGGGCAGGAGGGA(GAGGGTGACATGGG|TCAi3CTGACTCCC 1095 
TGAGGGGCAGGAGGGAi3AGGGT(3ACATGGGTCAA|:TGACTCCC 1099 



**\Jk*[je********** *** **\_^*******i, 



AGAGTCCACTCCCTGTpGGTCGGGCAiGtAGGCCGTAGAAGTCTGGCAGGG 1 147 
AGAGTCCACTCCCTGTlAGGTCGGGCAGCAGGCCGTAGAAGTCTGGCAGGG 1145 
A(3AGTCCACTCCCTGTAGGTCGGGCAA:CAGGCCGTAGAAGTCTGGCAGGG 1147 
A(3AGTCCACTCCCTGTjT]3GTCGGGCAp!cAGGCCGTAGAAGTCTGGCAGGG 1148 

1145 
1149 

k\j****** k * *************** 



****** * k **** *** *\Jk******** 



AGAGTCCACTCCCTGTAGGTCGGGCApCAGGCCGTAGAAGTCTGGCAGGG 
AGAGTCCACTCCCTGTAGGTCGGGCAGCAGGCCGTAGAAGTCTGGCAGGG 
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CCTGGCCCTGCTGTCGGAAppTGTCCTGCGGGGCCAGGCCCTGTTGGTCA 1197 

CCTGGCCCTGCTGTCGGAAGCTGTCCTGCGGGGCCAGGCCCTGTTGGTCA 1195 

CCTGGCCCTGCTGTCGGAAGpTGTCCTGCGGGGCCAGGCCCTGTTGGTCA 1197 

CCTGGCCCTGCTGTCGGAAjGCTGTCCTGCGGGGCCAGGCCCTGTTGGTCA 1198 

CCTGGCCCTGCTGTCGGAATICTGTCCTGCGGGGCCAGGCCCTGTTGGTCA 1195 

CCTGGCCCTGCTGTCGGAAiGCTGTCCTGCGGGGCCAGGCCCTGTTGGTCA 1199 
*******************\jk****************^i ciei(i ^ iri ^ irir 
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FIG.5G 



AC70irTCCCAa:CGTGGGAGCCCCTGCAGCTGCATGTGGATAAAGCCGTC 1247 
ACTCtrrCCCAGCCGTGGGAGCCCCTGCAGCTGCATGTGGATAAAGCCGTC 1245 
ACT TiTTCCCAGCCGTGGGAGCCCCTGCAGCTGCATGTGGATAAAGCCGTC 1247 
ACTarrCCCAGtCGTGGGAGCCCCTGCAGCTGCATGTGGATAAAGCCGTC 1248 

1245 



ACTiOnCCCAACCGTGGGAGCCCCTGCAGCTGCATGTGGATAAAGCCGTC 



ACTCTTC 

•*4J*** 



CCCAGCCGTGGGAGCCCCTGCAGCTGCATGTGGATAAAGCCGTC 1249 

**il^****************k *M * * **************** 



AGTGGCCTTCGCAGCCTCACCACTCTGCTTCGGGCTCTGGGAGCCCAG 
AGTGGCCTTCGCAGCCTCACCACTCTGCTTCGGGCTCTGGGAGCCCAG 
AGTGGCCTTCGCAGCCTCACCACTCTGCTTCGGGCTCTGGGAGCCCAG 
AGTGGCCTTCGCAGCCTCACCACTCTGCTTCGGGCTCTGGGAGCCCAG 
AGTGGCCTTCGCAGCCTCACCACTCTGCTTCGGGCTCTGGGAGCCCAGilir 
AGTGGCCTTCGCAGCCTCACCACTCTGCTTCGGGCTCTGGGAGCCC 



.LABI I 
XAG3T 



1297 
1295 
1297 
1298 
1295 
1299 



gagtaggag 
gagtaggag: 
gagtaggag 
gagtaggag 
gagtaggag 
gagtaggag 



i i t i i .i.i i i 

Tv TTtT ATA AX 



Jib 1 



iGACACTTCTGCTTGCCCTTTll 
iGACACTTCTGCTTGCCC 
iGACACTTCTGCTTGCCC 
iGACACTTCTGCTTGCCC 
iGACACTTCTGCTTGCCC 



3 

CTGTAAGAAGi 



;gacacttctgcttgccctt 



TGTAAGAAGGA 3AGAAGG 



HTGTAAGAAGG 3 3AGAAGG 1347 
FGTAAGAAGG 3 3AGAAGG 1345 
GTAAGAAGG 3J3AGAAGG 1347 
tTGTAAGAAGGppAGAAGG 1348 
1345 
fiAAGG 1349 



G33AG 



'k'k'k'k'ick'k 



GTCTTGCTAAGGAGTACAGGASlCTGTCCGTATTCCnCCCTTTCTGTGGC 1397 

GTCTTGCTAAGGAGTACAGGAaIcTGTCCGTATTCCTTCCCTTTCTGTGGC 1395 

GTCTTGCTAAGGAGTACAGGAACTGTCCGTATTCCTTCCCTTTCTGTGGC 1397 

GTCnGCTMGGAGTACAGGAApTGTCCGTATTCCTTCCCTTTCTGTGGC 1398 

GTCTTGCTAAGGAGTACAGGACTGTCCGTATTCCTTCCCTTTCTGTGGC 1395 

GTCTTGCTAAGGAGTACAGGATjCTGTCCGTATTCCTTCCCTTTCTGTGGC 1399 

• t J _i__t__t - _ t__« . .t t 
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FIG.5H 
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ACTGCAGCGACCfflCCTGTTTTCTCCTTGGCAGAAGGAAGCCATCTCCCCT 1447 . 

ACTGCAGCGACCTLCTGTTTTCTCCTTGGCAGAAGGAAGCCATCTCCCCT 1445 

ACTGCAGCGACCTCCTGTTTTCTCCTTGGCAGAAGGAAGCCATCTCCCCT 1447 

ACTGCAGCGACGTjCCTGTTTTCTCCTTGGCAGAAGGAAGCCATCTCCCCT 1448 

ACTGCAGCGACGTtCTGTTTTCTCCTTGGCAGAAGGAAGCCATCTCCCCT 1445 

ACTGCAGCGACQAICCTGTTTTCTCCTTGGCAGAAGGAAGCCATCTCCCCT 1449 



'kickkk^rk'kk'ick'fA k^k~kk'k~k~jrk 



i i.i. i i ■ i ■ . ■ ■ 



3m 

ClAi 



CCAGATGCGGCCTCAGCTGCTCCACTCCGAACAATCACTGCTGAB 
CCAGATGCGGCCTCAGCTGCTCCACTCCGAACAATCACTGCTGAcI 
CCAGATGCGGCCTCAGCTGCTCCACTCCGAACAATCACTGCTGACKc 
CCAGATGCGGCCTCAGCTGCTCCACTCCGAACAATCACTGCTf 
CCAGATGCGGCCTCAGCTGCTCCACTCCGAACAATCACTGCTGA 
CCAGATGCGGCCTCAGCTGCTCCACTCCGAACAATCACTGCTi 



kk kk'Ji kkkk'kkkkkkkkkk'k 



CHI 1497 
.CTTT 1495 



ckCTTT 1497 

iCTTT 1498 

iCTTT 1495 

iCTTT 1499 
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JM 
SH 
HE 



AM 
GI 
SY 
JM 
SH 
HE 



CCGCAAACTCTTCCGAGTCTACTCCAATTTCCTCCGGGG, 
CCGCAAACTCTTCCGAGTCTACTCCAATTTCCTCCGGl 
CCGCAAACTC1TCCGAGTCTACTCCAATTTCCTCCGGGG, 
CCGCAAACTCTTCCGAGTCTACTCCAATTTCCTCCGGQ 
CCGCAAACTCTTCCGAGTCTACTCCAATTTCCTCCGGGi 
CCGCAAACTCTTCCGAGTCTACTCCAATTTCCTCCGGQ 

***** A * ************************. A A A A * A A * * [} 




.GCTGAAGC 1547 

,GCTGAAGC 1545 

GCTGAAGC 1547 

iGCTGAAGC 1548 

GCTGAAGC 1545 

iCTGAAGC 1549 

-t-.f-t- t_i_.t__>_ ■ ■ 
A A A AAWA A A 



TGTACACAGGGGAGGCCTGCAGGACAGGGGAI 
TGTACACAGGGGAGGCCTGCAGGACAGGGGAI 
TGTACACAGGGGAGGCCTGCAGGACAGGGGAC 
TGTACACAGGGGAGGCCTGCAGGACAGGGGACAGATGA 
TGTACACAGGGGAGGCCTGCAGGACAGGGGACNSATGA 
TGTACACAGGGGAGGCCTGCAGGACAGGGGAI 



******************************** 



.C±A' 
*[}**•. 



JGA 1584 

TGA 1582 

JGA 1585 

1585 

1583 

JGA 1586 
**** 
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FIG.6 
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MGVHECPAWLWLLLSLLSLPLGLPVLGAPPRLICDplRVLERYLLEAKEAE 
MGVHECPAWLWLLLSLLSLPLGLPVLGAPPRLICOSRVLERYLLEAKEAE 
MGVHECPAWLWLLLSLLSLPLGLPVLGAPPRLICDBRVLERYLLEAKEAE 
MGVHECPAWLWLLLSLLSLPLGLPVLGAPPRLICDRRVLERYLLEAKEAE 
MGVHECPAWLWLLLSLLSLPLGLPVLGAPPRLICDlskvLERYLLEAKEAE 

**************irk*************ir*****^^ 



NI" 
NI" 



ifflai 
TlGi 



CAEHCSLNENITVPDTKVNFYAWKRMEVGQQAVEVWQGLALLSEj^ 
pCAEHCSLNENITVPDTKVNFYAWKRMEVGQQAVEVWQGLALLSEft 
NITj<jjCAEHCSLNENITVPDTKVNFYAWKRMEVGQQAVEVWQGLALLSEA 
3CAEHCSLNEN ITVPDTKVNFYAWKRMEVGQQAVEVWQGLALLSE 5 



NI* 
NI" 



TpTGCAEI 

TmCAEHCSLNENITVPDTKVNFYAWKRMEVGQQAVEVWQGLALLSEh 

r*Uk************************irk**** 



50 

50 
50 
50 
50 



100 
100 
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VLRGQALLVNSSQPWEPLQLHVDKAVSGLRSLTTLLRALGAQKEAISPPD 150 

VLRGQALLVNSSQPWEPLQLHVDKAVSGLRSLTTLLRALGAQKEAISPPD 150 

VLRGQALLVNSSQPWEPLQLHVOKAVSGLRSLTTLLRALGAQKEAISPPD 150 

VLRGQALLVNSSQPWEPLQLHVDKAVSGLRSLTTLLRALGAQKEAISPPD 150 

VLRGQALLVNSSQPWEPLQLHVDKAVSGLRSLTTLLRALGAQKEAISPPO 150 
************* * *********************** 



AM/GI AASAAPLRTITADTFRKLFRVWfeNFLRGfC 

SY AASAAPLRTITADTFRKLFRVwENFLRG ( 

JM . AASMPLRTITADTFRKLFRVMSNFLRGC 

SH AASAAPLRTITADTFRKLFRvtBNFLRGC 

HE AASAAPLRTITADTFRKLFRWBNFLRG 



-KLYTGEACRTGDR 
LKLYTGEACRTGDR 
-KLYTGEACRTGDk 
-KLYTGEACRTGD3 
.KLYTGEACRTGD; 

i i ' * * i * ■ 

7\ n aa AKXKXKaXX 
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FIG.7 
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METHOD OF TREATING ENDOTHELIAL INJURY 

Field of the Invention 
The present invention relates to the use of 
human erythropoietin (EPO) in the prevention or treatment 
of endothelial injury due to chemotherapy, radiation 
therapy, mechanical trauma, or to a disease state which 
damages the endothelium (such as inflammation, heart 
disease or cancer) . The present invention further 
relates to the use of EPO in conjunction with 
chemotherapy. 

Background of the Invention 
Erythropoietin (EPO) is a glycoprotein produced 
in the kidney, and is the principal hormone responsible 
for stimulating red blood cell production 
(erythrogenesis) . EPO stimulates the division and 
differentiation of committed erythroid progenitors in the 
bone marrow. Normal plasma erythropoietin levels range 
from 0.01 to 0.03 Units/mL, and can increase up to 100 to 
1, 000-fold during hypoxia or anemia. Graber and Krantz, 
Ann. Rev. Med. 29:51 (1978); Eschbach and Adamson, Kidney 
Intl. 28:1 (1985). Recombinant human erythropoietin 
(rHuEpo or epoetin alfa) is commercially available as 
Epogen® (Amgen Inc., Thousand Oaks,CA) and as Procrit® 
(Ortho Biotech Inc., Raritan, NJ) . EPO is indicated for 
treatment of anemia, including anemias associated with 
cancer chemotherapy, chronic renal failure, malignancies, 
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adult and juvenile rheumatoid arthritis, disorders of 
haemoglobin synthesis, prematurity, and zidovudine 
treatment of HIV infection. 

The vascular endothelium is a layer of cells 
lining the inner vascular wall and in direct contact with 
blood, providing an active natural barrier between the 
circulatory and extravascular compartment. The 
endothelium is involved in signal and information 
transfer at the cellular, tissue and organ level, and 
plays a role in both cell-mediated and humoral immune 
responses. Endothelial cells are metabolically active 
and normally produce a number of substances with effects 
on the vascular lumen and on platelets. Endothelial 
vasodilators include prostacyclin (PGI 2 ) and endothelium- 
derived relaxing factor (EDRF, which may be nitric oxide 
or a more stable adduct thereof); these two substances 
also act to inhibit platelet aggregation. 

Damage or destruction of the endothelium by 
physical trauma or disease processes such as 
atherosclerotic plaque formation may impair EDRF 
production, contributing to vasoconstriction. More 
diffuse and subtle endothelial damage, such as due to 
chronic hypertension or reperfusion after ischemia, also 
leads to altered EDRF production. Endothelial products 
localized to the luminal endothelial surface include 
ectoADPase and thrombomodulin. Vasoconstrictors released 
by the endothelium include endothelin. Endothelial cells 
also secrete growth factors which enhance endothelial 
mitogenesis and can induce new blood vessel formation 
(angiogenesis) . It has been reported that granulocyte 
macrophage-colony stimulating factor (GM-CSF) and 
granulocyte-colony stimulating factor (G-CSF) stimulate 
proliferation and migration of . endothelial cells. 
Interleukin-3 (IL-3) also enhances the proliferation of 
these cells. See Bussolino et al., Nature 
337:471 (1989); Brizzi et al., J- Clin. Invest. 91:2887 
(1993) . 
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summary of t-h* Invent iQn 
A first aspect of the present invention is a 
method of reducing endothelial injury caused by a 
chemotherapeutic agent, by administering an endothelial- 
protecting amount of erythropoietin in conjunction with 
the administration of the chemotherapeutic agent. The 
endothelial -protecting amount of erythropoietin may be 
administered simultaneously with the chemotherapeutic 
agent, prior to the chemotherapeutic agent, or after the 

chemotherapeutic agent . 

A second aspect of the present invention is a 
method of enhancing endothelial cell inhibition in a 
subject treated with a chemotherapeutic agent, by 
administering an endothelial -inhibiting amount of 
erythropoietin in conjunction with the chemotherapeutic 
agent The endothelial -inhibiting amount of 

erythropoietin may be administered simultaneously with, 
prior to, or after the chemotherapeutic agent. 

A further aspect of the present invention is a 
method of treating a solid vascularized tumor by 
administering an antineoplastic chemotherapeutic agent in 
conjunction with an endothelial- inhibiting amount of 
erythropoietin. The endothelial -inhibiting amount of 
erythropoietin may be administered simultaneously with, 
prior to, or after the chemotherapeutic agent. 

A further aspect of the present invention is a 
method of treating endothelial injury caused by 
mechanical damage, exposure to radiation, inflammation, 
heart disease or cancer by administering an endothelial- 
protecting amount of erythropoietin to a subject in need 

of such treatment . 

The foregoing and other objects and aspects of 
the present invention are explained in detail in the 
specification set forth below. 
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p^of pesc£iStigS ^ hh(a Drawings 

Figure 1 is a graph showing the dose -response 
curve for viability of endothelial cells after exposure 

to cisplatin. 

Figure 2 is a graph showing the responses of 
endothelial cell cultures exposed simultaneously to 
cisplatin and varying dosages of EPO, compared to control 
endothelial cell cultures exposed only to cisplatin. 

Figure 3 is a graph showing the responses of 
endothelial cell cultures exposed first to cisplatin and, 
two hours later, to varying dosages of EPO (compared to 
control endothelial cell cultures exposed only to 
cisplatin) . 

Figure 4 is a graph showing the responses of 
endothelial cell cultures exposed first to varying 
dosages of EPO and, two hours later, to cisplatin 
(compared to control endothelial cell culture exposed 
only to cisplatin) . 

p^ailed DesjS£i£ tiaa " f Invention 

The present inventors have previously shown 
that recombinant human erythropoietin (EPO) exerts a 
mitogenic and chemoattractant (migratory) effect on human 
umbilical vein endothelial cells and bovine capillary 
endothelial cells. Anagnostou et al . . Proc. Natl. Acad 
Sci USA 87:5978 (1990). Endothelial cell migration and 
proliferation are the key steps in the angiogenic 
process . 

The present inventors have found that EPO can 
effectively prevent and/or repair endothelial damage 
caused by chemotherapeutic agents. The present inventors 
have found that administration of EPO concomitantly with 
chemotherapeutic agents produces a biphasic response: 
certain doses of EPO protect endothelial cells from the 
deleterious effects of the chemotherapeutic agent, whixe 
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increased doses enhance the endothelial growth- 
suppression caused by the chemotherapeutic agent. 

The use of EPO to enhance endothelial growth- 
suppression during chemotherapy is useful in treating 
angiogenic tumors, where it is desirable to prevent or 
slow the formation of new blood vessels which support 
tumor growth. Tumors require an adequate blood supply, 
and growth of new vessels in the tumor mass is stimulated 
by angiogenic factors secreted by tumor tissue. In 
animal models, inhibition of angiogenesis in tumor tissue 
has been shown to cause tumor regression. Highly 
vascularized solid tumors include cerebellar 
hemangioblastoma. ductal carcinoma of the breast, and 
squamous cell cancer of the larynx. Abnormal 
angiogenesis is involved in additional pathological 
conditions, including diabetic retinopathy, neovascular 
glaucoma, rheumatoid arthritis, and psoriasis. The 
ability of EPO to reduce or prevent abnormal angiogenesis 
will be of use in preventing or reducing angiogenesis 
associated with such disease states. 

One method according to the present invention 
is the use of EPO as an adjunct in the chemotherapy of 
neoplastic disease. EPO is provided in endothelial- 
protecting amounts where protection of the endothelium 
from the adverse effects of chemotherapeutic agents is 
desired A second method according to the present 
invention is the use of EPO as an adjunct in the 
chemotherapy of neoplastic disease, where enhancement of 
the adverse effects of chemotherapeutic agents on 
endothelium (e.g., enhancement of endothelial growth 
suppression) is desired. In such situations, EPO is 
provided in endothelial -inhibiting amounts. 

As used herein, endothelial-protecting amounts 
of EPO refer to those dosages which reduce or prevent the 
suppression of endothelial growth which would otherwise 
occur due to exposure to a chemotherapeutic agent or 
radiation, mechanical trauma, or a disease state known to 
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damage the endothelium. Alternatively, an endothelial- 
protecting amount of BPO may be defined as those dosages 
which increase the numbers of viable endothelial cells 
following exposure to the chemotherapeutic agent or 
radiation, mechanical trauma, or a disease state known to 
damage the endothelium; the increased number of viable 
cells is in comparison to that which would be expected in 
the absence of EPO. The most effective endothelial- 
protecting amounts of EPO may vary depending upon the 
time of administration and the etiology of endothelial 
damage . 

Where endothelial damage is due to exposure to 
a chemotherapeutic agent, the most effective endothelial- 
protecting amounts of EPO will vary depending upon 
whether EPO is administered simultaneously with, prior 
to, or after, the chemotherapeutic agent, and may vary 
depending upon the specific chemotherapeutic agent in 
question. 

As used herein, endothelial -inhibiting amounts 
of EPO refer to those dosages which enhance or increase 
the suppression of endothelial growth which would 
otherwise occur due to exposure to a chemotherapeutic 
agent or radiation, mechanical trauma, or a disease state 
known to damage the endothelium. Alternatively, an 
endothelial -inhibiting amount of EPO may be defined as 
those dosages which decrease the numbers of viable 
endothelial cells following exposure to the 
chemotherapeutic agent or radiation, mechanical trauma, 
or a disease state known to damage the endothelium; the 
decreased number of viable cells is in comparison to that 
which would be expected in the absence of EPO. The most 
effective endothelial- inhibiting amounts of EPO may vary 
depending upon the time of administration and the 
etiology of endothelial damage. 

Where endothelial damage is due to exposure to 
a chemotherapeutic agent, the most effective inhibiting 
amounts of EPO will vary depending upon whether EPO is 
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administered simultaneously with, prior Co, or after, the 
chemotherapeutic agent, and may vary depending upon the 
specific chemotherapeutic agent in question. 

Endothelial damage may be assessed by a 
reduction in the proliferation of endothelial cells 
and/or decreased numbers of viable endothelial cells, 
leading to a total decrease in the number of viable 
endothelial cells. Such a decrease in the number of 
viable endothelial cells may also be referred to as 
endothelial growth suppression, or endothelial cell 
suppression or inhibition. 

As used herein, a method of reducing 
endothelial injury in a subject caused by administration 
of a chemotherapeutic agent to the subject refers to a 
method which reduces or prevents the decrease in viable 
endothelial cells which would otherwise be caused by 
administration of the chemotherapeutic agent. As used 
herein, a method of enhancing endothelial cell inhibition 
in a subject caused by administration of a 
chemotherapeutic agent to the subject refers to a method 
which increases or enhances the reduction in viable 
endothelial cells which would otherwise be caused by 
administration of the chemotherapeutic agent. 

Damage to endothelial cells may also be caused 
by radiation therapy, mechanical trauma, and by disease 
states such as inflammation, heart disease (e.g., 
atherosclerosis) and cancer. In atherosclerosis, for 
example, injury to or dysfunction of the endothelium 
leads to reduced vasodilator response and to increased 
platelet deposition on the arterial wall. Serotonin and 
thromboxane A, released from deposited platelets cause 
arterial constriction and spasm, increase adhesion and 
aggregation of platelets, and enhance the atherosclerotic 
process. The consequences of coronary obstruction are 
often ameliorated by the formation of new coronary 
vessels in response to angiogenic stimuli. The use of 
EPO to enhance endothelial growth and/or repair, or to 
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prevent endothelial damage, will be a useful adjunct in 
treating endothelial damage due to mechanical damage, 
radiation therapy, or due to disease states which 
adversely affect the endothelium. 

As used herein, human erythropoietin (EPO) 
refers to both the naturally occurring human 
erythropoietin glycoprotein as well as recombinant human 
erythropoietin (rHuEpo or epoetin alfa, available 
commercially as Epogen® (Amgen Inc., Thousand Oaks, CA) ^ 
and as Procrit® {Ortho Biotech Inc., Raritan, MJ) ) 
Peptide analogs of EPO may also be used in the methods of 
the present invention. As used herein, peptide analogs 
are those compounds which, while not having amino acid 
sequences identical to that of EPO, have a similar three- 
dimensional structure. In protein molecules which 
interact with a receptor, the interaction takes place at 
the surface-accessible sites in a stable three- 
dimensional molecule. By arranging the critical binding 
site residues in an appropriate conformation, peptides 
which mimic the essential surface features of EPO binding 
region may be designed and synthesized in accordance with 
known techniques. A molecule which has a surface region 
with essentially the same molecular topology to the 
binding surface of EPO will be able to mimic the 
interaction of EPO with the EPO receptor. Methods for 
determining peptide three-dimensional structure and 
analogs thereto are known, and are sometimes called 
'rational drug design techniques' . See, e.g., U.S. 
Patent No. 4,833,092 to Geysen; U.S. Patent No. 4,859,765 
to Nestor; U.S. Patent No. 4,853,871 to Pantoliano; U.S. 
Patent No. 4,863,857 to Blalock (applicants specifically 
intend that the disclosures of all U.S. patents cited 
herein be incorporated by reference in their entirety) . 

Peptides which mimic the biological activity of 
erythropoietin (EPO receptor peptide ligands) may be 
substituted for EPO in the methods of the present 
invention. The sequence of such peptides may represent 
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fragments of the full-length EPO protein sequence, which 
fragments are capable of binding to and activating the 
EPO receptor. Additionally, peptides with sequences 
dissimilar to that of EPO may be utilized in the methods 
of the present invention, where such peptides mimic the 
biological activity of EPO. Wrighton et al . report the 
identification and characterization of small peptides 
that bind to and activate the erythropoietin receptor on 
the surface of target cells, although the peptides' 
sequences are not similar to the primary sequence of EPO 
(Wrighton et al., Science 273:458 (26 July 1996)) . These 
peptide agonists are represented by a 14 -amino acid 
disulfide-bonded cyclic peptide with an identified 
minimum consensus sequence. The structure of a complex 
of one such peptide mimetic with the erythropoietin 
receptor is described by Livnah et al., Science 273:464 

(26 July 1996) . 

As used herein, the term chemotherapeutic agent 
refers to cytotoxic antineoplastic agents, that is, 
chemical agents which preferentially kill neoplastic 
cells or disrupt the cell cycle of rapidly proliferating 
cells, used therapeutically to prevent or reduce the 
growth of neoplastic cells. Chemotherapeutic agents are 
also known as antineoplastic drugs or cytotoxic agents, 
and are well known in the art. As used herein, 
chemotherapy includes treatment with a single 
chemotherapeutic agent or with a combination of agents. 
In a subject in need of treatment, chemotherapy may be 
combined with surgical treatment or radiation therapy, or 
with other antineoplastic treatment modalities. 

Exemplary chemotherapeutic agents are vinca 
alkaloids, epipodophyllotoxins, anthracycline 
antibiotics, actinomycin D, plicamycin, puromycin, 
gramicidin D, paclitaxel (Taxol®, Bristol Myers Squibb) , 
colchicine, cytochalasin B, emetine, maytansine, and 
amsacrine (or "mAMSA" ) . The vinca alkaloid class is 
described in Ssgdman and The Pharmacologica l 
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Basis of Therapeutics 1277-1280 (7th ed. 198S) 
(hereafter "Goodman and Oilman") . Exemplary of vinca 
alkaloids are vincristine, vinblastine, and vindesine. 
The epipodophyllotoxin class is described in Goodman and 
Oilman, supra at 1280-1281. Exemplary of 

epipodophyllotoxins are etoposide, etoposide 
orthoquinone, and teniposide. The anthracycline 

antibiotic class is described in Goodman and Gilman, 
auora at 1283-1285. Exemplary of anthracycline 

antibiotics are daunorubicin, doxorubicin, mitoxantraone, 
and bisanthrene. Actinomycin D, also called 

Dactinomycin, is described in Goodman and Gilman, supra 
at 1281-1283. Plicamycin, also called mithramycin, is 
described in Goodman and Gilman, supra at 1287-1288. 
Additional chemotherapeutic agents include cisplatin 
(Platinol®, Bristol Myers Squibb); carboplatin 
(Paraplatin®, Bristol Myers Squibb); mitomycin 
(Mutamycin®, Bristol Myers Squibb) ; altretamine 
(Hexalen®, U.S. Bioscience, Inc.); cyclophosphamide 
(Cytoxan®, Bristol Myers Squibb); lomustine [CCNU] 
(CeeNU®, Bristol Myers Squibb) ,- carmustine [BCNU] 
(BiCNU®, Bristol Myers Squibb) . 

Methods of administering chemotherapeutic drugs 
vary depending upon the specific agent used, as would be 
known to one skilled in the art. Depending upon the 
agent used, chemotherapeutic agents may be administered, 
for example, by injection (intravenously, 
intramuscularly, intraperitoneal^ , subcutaneously, 
intratumor, intrapleural) or orally. 

As used herein, the administration of a 
compound "in conjunction with" a second compound means 
that the two compounds are administered closely enough in 
time that the presence of one alters the biological 
effects of the other. The two compounds may be 
administered simultaneously (concurrently) or 
sequentially. Simultaneous administration may be carried 
out by mixing the compounds prior to administration, or 
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by administering the compounds at the same point in time 
but at different anatomic sites or using different routes 

of administration. 

The phrases "concurrent administration", 
"simultaneous administration" or "administered 
simultaneously" as used herein, means that the compounds 
are administered at the same point in time or immediately 
following one another. In the latter case, the two 
compounds are administered at times sufficiently close 
that the results observed are indistinguishable from 
those achieved when the compounds are administered at the 

same point in time. 

Subjects to be treated by the method of the 
present invention include both human and animal (e.g., 
dog, cat, cow, horse) subjects, and are preferably 

mammalian subjects. 

Many chemotherapeutic agents act at specific 
phases of the cell cycle, and are active only against 
cells in the process of division. Neoplasms which are 
the most susceptible to chemotherapy are those with a 
high percentage of cells in the process of division, 
including but not limited to breast, liver, brain, lung, 
and ovarian cancer. Highly vascularized solid tumors are 
amenable to treatment with endothelial -inhibiting amounts 
of EPO in conjunction with chemotherapeutic agents, as 
these tumors rely on angiogenesis to provide adequate 
blood supply to the growing tumor tissue. 

EPO used according to the methods of the 
present invention may be administered by any suitable 
means, as would be apparent to one skilled in the art. 
EPO may be administered systemically (e.g., 
intravenously) or locally (e.g., injected into a tumor, 
tissues immediately surrounding a- tumor, or into an 
anatomic compartment containing a tumor). For example, 
where an endothelial-inhibiting amount of EPO is utilized 
as an adjunct to chemotherapy, the EPO may be 
administered locally to a tumor (or the immediately 
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surrounding tissue) in which it is desirable to prevent 
angiogenesis. Where a chemotherapeutic agent is 
delivered systemically, for example, an endothelial- 
protecting amount of EPO may be administered systetaically 
by intravenous injection. 

The dosage and timing of EPO administration 
used in conjunction with a chemotherapeutic agent will 
similarly depend upon the desired effect. The present 
inventors have discovered that depending upon the timing 
of EPO administration (simultaneous with, before, or 
after chemotherapeutic agent administration) and the 
dosage of EPO, EPO either protects the endothelium from 
the growth- inhibiting effects of chemotherapeutic agents, 
or enhances the endothelial growth inhibition seen with 
chemotherapeutic agents. It will be apparent to those 
skilled in the art how to determine, by routine 
experimentation, the dosage and timing of EPO 
administration in conjunction with a particular 
chemotherapeutic agent to achieve a desired effect. 

The maximum amount of EPO that can be 
administered in single or multiple doses has not been 
• determined. Doses of up to 1,500 Units/kg for three to 
four weeks have been administered without toxic effects 
due to EPO itself. Eschbach et al . . in: Prevention of 
gjarpnic uremia (Friedman et al . . eds . ) , Field and Wood 
inc., Philadelphia, pp. 148-155 (1989). In the present 
methods, where it is desired to protect the endothelium 
from the endothelial damage and/or endothelial growth 
suppression caused by a chemotherapeutic agent, EPO is 
administered in an endothelial -protecting amount. 
Suitable endothelial-protecting dosages may range from 
about 100 U/kg to about 200 U/kg. In the present 
methods, where it is desired to enhance the endothelial 
damage and/or endothelial growth suppression caused by a 
chemotherapeutic agent, EPO is administered in an 
endothelial- inhibiting amount which may range from about 
750 U/kg to about 2,000 U/kg. As noted above, the 
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dosage and timing of EPO administration used, in 
conjunction with a chemotherapeutic agent will depend 
upon the desired effect, as well as the chemotherapeutic 

agent utilized. 

The following examples are provided to 
illustrate the present invention, and should not be 
construed as limiting thereof. 

EXAMPLE 1 
Materials and Methods 

Cell Culture . Human umbilical vein endothelial 
cells (HUVECs) were obtained from Caesarian section 
derived cords. HUVECs were cultured by standard 
methodology in 25 cm 2 T-flasks (Corning Inc., Corning, NY) 
coated with 0.5% porcine skin gelatin (Sigma Chemical 
Co., St. Louis, MO). Medium 199 (Life Technologies, 
Gaithersburg, MD) , supplemented with 20% defined fetal 
bovine serum (FBS) (Hyclone, Logan, OT) , 16 U/ml heparin 
(Sigma) , SO pg/nl bovine hypothalamus derived endothelial 
mitogen (Biomedical Technologies, Stoughton, MA), 100 
U/ml penicillin and 100 wj/ml streptomycin was used for 
the growth of HUVECs . Endothelial cells were 

characterized by homogenous and typical cobblestone 
morphology, von Willebrand factor antigen posit ivity, and 
the presence of Weibel-Palade bodies, as are known in the 
art . 

D mr se tion/ ^^ir^n Assay. The number of 
metabolicaily active cells after exposure of endothelial 
cell cultures to test agents was assessed using a 
colorimetric method. This assay utilizes solutions of a 
tetrazolium compound (3- (4, S-dimethylthiazol-2-yl) -5- (3- 
carboxymethoxyphenyl) -2- (4 Sulfophenyl) -2H- tetrazolium] 

(MTS) and an electron coupling . reagent, phenazxne 
methosulfate (PMS; available from Promega Corp., Madison, 
Wisconsin). See Denizot and Lang, J- Immunol. Methods 

89:271 (1986); Promega Corporation Technical Bulletins 
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112, 152 and 169) . MTS is bioreduced into a formazan by 
dehydrogenase enzymes found in metabolically active 
cells. The amount of formazan is measured at 490 nm 
absorbance and is directly proportional to the numbers of 

living cells in culture. 

Endothelial cells grown in the complete 
(supplemented) M199 medium were harvested in the log 
phase. At 80-90% confluency, EC culture monolayers were 
washed with phosphate buffered saline (PBS) , treated with 
0.2S% trypsin in 1 mM EDTA for 1-2 minutes, and then the 
cells were suspended in complete medium. The number and 
viability of the cells was determined using a 
hemocytometer and the trypan blue staining, respectively. 
Cell suspensions of 7.22 x 10* cells/ml medium were 
prepared and 90^1 (6.5 x 10> cells) were dispensed into 
each well of a 96-well plate. After overnight incubation 
at 37»C 5% CO,, in a humidified atmosphere, EPO and/or 
the chemotherapeutic agent were added at concentrations 
and in the order specified in the examples described 
below Plates were then incubated for another 24 hours. 
At the end of this incubation period, 20 ^1 of freshly 
prepared combined MTS/PMS (20:1 ratio) solution was added 
into each well and the plates were incubated for 1-4 more 
hours, as per manufacturer's recommendations. The 
absorbance of each well at 490 nm was recorded usxng an 
ELISA plate reader. The LD50 and the effect of the 
various treatments on cell viability and chemosensitxvity 
were determined by plotting the corrected absorbance at 
490 nm versus the concentration of the additive (EPO. 
chemotherapeutic agent, or combinations thereof). 

^.ristica ^ moderations.. For 
protection/inhibition assays, experiments were performed 
in triplicate. All other experiments were performed at 
least five times. Results were averaged and means ± SD 
reported Controls for all experiments included one to 
two triplicate wells treated with each of the following: 
1) 1 cisplatin; 
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2) 50 ng/ml cisplatin; 

3) 10 or 20 U/ml of EPO; 

4) 0.6 or 1.2 U/ml of EPO. 

Thus for each experiment, three to six wells received the 
above four control treatments (total 12-24 control 
wells) . An additional control consisting of a triplicate 
well of untreated cells was also performed. 

EXAMPLE 2 
Determination of Cisplatin LD50 
Ninety-six-well plates containing endothelial 
cells were prepared as described in Example 1 and 
incubated overnight at 37-C, 5% C0 2 , in a humidified 
atmosphere. A solution of ISO cisplatin was 

prepared, and serial dilutions were added to the wells (5 
,1 per well; concentrations varied from 0.03125 ,g/ml to 
4 0 M g/»1. The plates were then incubated for two days 
(48 hours) and viability of endothelial cells was 
assessed using the MTS/PMS technique described in Example 
1 The absorbance of each well at 490 nm was recorded 
using an ELISA plate reader. The corrected absorbance at 
490 nm versus the concentration of cisplatin ( M g/«W was 
plotted (Figure 1) to provide a dose-response curve The 
concentration of cisplatin required to give 50, of the 
maximal response (LD50 of cisplatin) was determined to be 

0.45 fxg/rol. . . 

In view of the above findings, a dosage of 1 

ug/ml of cisplatin was used to determine the effects of 
EPO on endothelial cells, as provided in the following 
examples . 

EXAMPLE 3 
Effects of Simultaneous Cisplatin and EPO 
on Endothelial Cells 
To determine the effects of combined EPO and 
cisplatin on endothelial cells, serial dilutions of EPO 
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were added to endothelial cell cultures simultaneously 

with cisplatin. 

Endothelial cell cultures were prepared as 
described in Example 1. Cisplatin (final concentration 
of 1 ng/ml) was added to each test well simultaneously 
with 5 ill of various EPO preparations (final EPO 
concentration ranging from 0.15 to 20 U/ml . Endothelial 
cell viability was assessed using the MTS/PMS 
colorimetric assay described in Example 1. Results were 
compared to control wells (endothelial cells treated with 
1 fig/ml cisplatin alone, considered as the baseline and 
represented in Figure 2 as 0%) . Results are provided in 
Figure 2; the "% of control" is the percentage change of 
optical density at 490 nm over the control, such that 
»0%» indicates the test well had similar numbers of 
metabolically active cells as the control, whereas "50%" 
indicates 50% more and »-50%" indicates 50% fewer 
metabolically active cells. 

As shown in Figure 2, a biphasic response was 
observed when EPO was added to cell cultures 
simultaneously with the addition of cisplatin. 
Endothelial cell cultures treated with from 0 . IS to 1.25 
U/ml of EPO were protected from the damaging effects of 
cisplatin when EPO was added simultaneously with 
cisplatin. EPO concentrations of 0.3 U/ml provided the 
greatest protection of endothelial cells when EPO was 
added simultaneously with cisplatin; the number of viable 
cells was approximately 30% greater than that observed in 
control cultures treated with cisplatin only. 

As also shown in Figure 2, endothelial cell 
growth was inhibited in cultures treated with from S to 
20 U/ml of EPO when EPO was added simultaneously with 
cisplatin, compared to cultures treated with cisplatin 
alone. Cultures treated with 5 U/ml of EPO and 1 ^g/ml 
cisplatin showed a 33% decrease in the number of viable 
cells compared to control cells exposed to cisplatin 
alone . 
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EXAMPLE 4 
Effects of EPO on Endothelial Cells 
Administered After Cisplatin Exposure 
in this experiment, serial dilutions of EPO 
were added to endothelial cell cultures two hours after 
the cultures were exposed to cisplatin. 

Endothelial cell cultures were prepared as 
described in Example 1 . Cisplatin was added to each test 
well (1 /ig/ml final concentration of cisplatin); two 
hours later 5 #il of an EPO preparation ranging from 0.15 
to 20 a/ml final concentration was added. Endothelial 
cell viability was assessed using the MTS/PMS 
colorimetric assay described in Example 1 . Results were 
compared to control wells (endothelial cells treated with 

ljig/ml cisplatin alone) . 

Results are provided in Figure 3, and show that 
a biphasic response was observed when EPO was added to 
cell cultures after the addition of cisplatin. 
Endothelial cell cultures treated with from 0.15 to 5 
U/ml of EPO were protected from the damaging effects of 
cisplatin when EPO was added two hours following 
cisplatin exposure. The number of viable cells after 
treatment with 1.25 U/ml EPO after cisplatin exposure was 
34% greater than that of controls. In contrast, cell 
viability in the presence of 10 to 20 U/ml EPO 
administered two hours after cisplatin exposure was 
reduced over that seen in controls (cisplatin only) . 

EXAMPLE 5 
Effects of EPO on Endothelial Cells 
Administered Prior to Cisplatin Exposure 

in this experiment, serial dilutions of EPO 
were added to endothelial cell cultures two hours before 
the cultures were exposed to cisplatin. 

Endothelial cell cultures were prepared as 
described in Example 1. Each test well received 5 fil of 
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an EPO preparation ranging from 0.1S to 20 U/ml EPO; two 
hours later cisplatin was added to each test well (5/il of 
1 ng/ml cisplatin) . Endothelial cell viability was 
assessed using the MTS/PMS colorimetric assay described 
in Example 1. Results were compared to control wells 
(endothelial cells treated with 1 fig/ml cisplatin alone) . 

Results are provided in Figure 4, and show a 
reduction in the number of viable endothelial cells after 
exposure to EPO two hours prior to cisplatin exposure 
(compared to control cells exposed only to cisplatin) . 
Cell proliferation and viability was decreased by as much 
as 81% compared to controls. The inhibition was dose 
dependent; EPO concentrations as low as 5 and 2.5 U/ml 
reduced cell growth by 58% and 4 8%, respectively, 
compared to controls. 

The foregoing is illustrative of the present 
invention and is not to be construed as limiting thereof. 
The invention is defined by the following claims, with 
equivalents of the claims to be included therein. 



WO 98/10650 



PCT/US97/15966 



- 19 - 



THAT WHICH IS CLAIMED IS: 

1. A method of reducing endothelial injury in 
a subject caused by administration of a chemotherapeutic 
agent to the subject, comprising administering an 
endothelial -protecting amount of erythropoietin in 
conjunction with the administration of the 
chemotherapeutic agent. 

2. A method according to claim 1 wherein said 
endothelial -protecting amount of erythropoietin is 
administered simultaneously with said chemotherapeutic 
agent . 

3. A method according to claim 1 wherein said 
endothelial -protecting amount of erythropoietin is 
administered prior to said chemotherapeutic agent. 

4. A method according to claim 1 wherein said 
endothelial -protecting amount of erythropoietin is 
administered after said chemotherapeutic agent. 

5. The method of claim 1 where said 
chemotherapeutic agent is cisplatin. 

6 . A method of enhancing endothelial cell 
inhibition in a subject treated with a chemotherapeutic 
agent, comprising administering to the subject an 
endothelial -inhibiting amount of erythropoietin in 
conjunction with the administration of the 
chemotherapeutic agent . 

7. A method according to' claim 6 wherein said 
endothelial- inhibiting amount of erythropoietin is 
administered simultaneously with said chemotherapeutic 
agent . 
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8 . A method according to claim 6 wherein said 
endothelial -inhibiting amount of erythropoietin is 
administered prior to said chemotherapeutic agent. 

9. A method according to claim 6 wherein said 
endothelial -inhibiting amount of erythropoietin is 
administered after said chemotherapeutic agent. 

10. A method according to claim 6 wherein said 
chemotherapeutic agent is cisplatin. 

11. A method according to claim 6 wherein said 
subject has a neoplastic growth selected from the group 
consisting of cerebellar hemangioblastoma, ductal 
carcinoma of the breast, and squamous cell cancer of the 
larynx. 

12. A method of treating a solid vascularized 
tumor in a subject in need of such treatment, comprising 
administering an antineoplastic chemotherapeutic agent in 
conjunction with an endothelial- inhibiting amount of 
erythropoietin. 

13. A method according to claim 12, wherein 
said endothelial -inhibiting amount of erythropoietin is 
administered simultaneously with said chemotherapeutic 
agent . 

14 . A method according to claim 12 wherein said 
endothelial-inhibiting amount of erythropoietin is 
administered prior to said chemotherapeutic agent. 

15 . A method according to claim 12 wherein said 
endothelial-inhibiting amount of erythropoietin is 
administered after said chemotherapeutic agent. 
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16 A method of creating endothelial injury 
caused by mechanical damage, exposure to radiation, 
inflammation, heart disease or cancer, in a subject in 
need of such treatment, comprising administering an 
endothelial-protecting amount of erythropoietin to said 
subject . 
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ERYTHROPOIETIN-MEDIATED NEUROGENESIS 

FIELD OF THE INVENTION 
This invention relates to methods of influencing multipotent neural stem cells to 
produce progeny that differentiate into neurons by exposing the stem cells and their 
5 progeny to erythropoietin. 

P ACKGROUND OF THE INVENTION 
Neurogenesis in mammals is complete early in the postnatal period. Cells of the 
adult mammalian CNS have little or no ability to undergo mitosis and generate new 
neurons. While a few mammalian species (e.g. rats) exhibit the limited ability to 

10 generate new neurons in restricted adult brain regions such as the dentate gyrus and 
olfactory bulb (Kaplan, J. Comp. Neurol., 195:323, 1981; Bayer, N.Y. Acad. Sci., 
457: 163, 1985), the generation of new CNS neurons in adult primates does not 
normally occur (Rakic, Science, 227:1054, 1985). This inability to produce new 
nerve cells in most mammals (and especially primates) may be advantageous for 

15 long-term memory retention; however, it is a distinct disadvantage when the need to 
replace lost neuronal cells arises due to injury or disease. 

The role of stem cells in the adult is to replace cells that are lost by natural cell 
death, injury or disease. Until recently, the low turnover of cells in the mammalian 
CNS together with the inability of the adult mammalian CNS to generate new 
20 neuronal cells in response to the loss of cells following injury or disease had led to 
the assumption that the adult mammalian CNS does not contain multipotent neural 
stem cells. The critical identifying feature of a stem cell is its ability to exhibit self- 
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renewal or to generate more of itself. The simplest definition of a stem cell would 
be a cell with the capacity for self-maintenance. A more stringent (but still 
simplistic) definition of a stem cell is provided by Potten and Loeffler 
(Development, 110:1001, 1990) who have defined stem cells as "undifferentiated 
5 cells capable of a) proliferation, b) self-maintenance, c) the production of a large 
number of differentiated functional progeny, d) regenerating the tissue after injury, 
and e) a flexibility in the use of these options. " 

CNS disorders encompass numerous afflictions such as neurodegenerative diseases 

10 (e.g. Alzheimer's and Parkinson's), acute brain injury (e.g. stroke, head injury, 
cerebral palsy) and a large number of CNS dysfunctions (e.g. depression, epilepsy, 
and schizophrenia). Degeneration in a brain region known as the basal ganglia can 
lead to diseases with various cognitive and motor symptoms, depending on the exact 
location. The basal ganglia consists of many separate regions, including the 

15 striatum (which consists of the caudate and putamen), the globus pallidus, the 
substantia nigra, substantia innominate, ventral pallidum, nucleus basalis of 
Meynert, ventral tegmental area and the subthalamic nucleus. Many motor deficits 
are a result of neuronal degeneration in the basal ganglia. Huntington's Chorea is 
associated with the degeneration of neurons in the striatum, which leads to 

20 involuntary jerking movements in the host. Degeneration of a small region called 
the subthalamic nucleus is associated with violent flinging movements of the 
extremities in a condition called ballismus, while degeneration in the putamen and 
globus pallidus is associated with a condition of slow writhing movements or 
athetosis. Other forms of neurological impairment can occur as a result of neural 

25 degeneration, such as cerebral palsy, or as a result of CNS trauma, such as stroke 
and epilepsy. 

In recent years neurodegenerative disease has become an important concern due to 
the expanding elderly population which is at greatest risk for these disorders. These 
diseases, which include Alzheimer's Disease and Parkinson's Disease, have been 
30 linked to the degeneration of neuronal cells in particular locations of the CNS, 
leading to the inability of these cells or the brain region to carry out their intended 
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function. In the case of Alzheimer's Disease, there is a profound cellular 
degeneration of the forebrain and cerebral cortex. In addition, upon closer 
inspection, a localized degeneration in an area of the basal ganglia, the nucleus 
basalis of Meynert, appears to be selectively degenerated. This nucleus normally 
5 sends cholinergic projections to the cerebral cortex which are thought to participate 
in cognitive functions including memory. In the case of Parkinson's Disease, 
degeneration is seen in another area of the basal ganglia, the substantia nigra par 
compacta. This area normally sends dopaminergic connections to the dorsal 
striatum which are important in regulating movement. Therapy for Parkinson's 
10 Disease has centered upon restoring dopaminergic activity to this circuit through the 
use of drugs. 

In addition to neurodegenerative diseases, acute brain injuries often result in the loss 
of neurons, the inappropriate functioning of the affected brain region, and 
subsequent behavior abnormalities. 

15 To date, treatment for CNS disorders has been primarily via the administration of 
pharmaceutical compounds. Unfortunately, this type of treatment has been fraught 
with many complications including the limited ability to transport drugs across the 
blood-brain barrier and the drug-tolerance which is acquired by patients to whom 
these drugs are administered long-term. For instance, partial restoration of 

20 dopaminergic activity in Parkinson's patients has been achieved with levodopa, 
which is a dopamine precursor able to cross the blood-brain barrier. However, 
patients become tolerant to the effects of levodopa, and therefore, steadily increasing 
dosages are needed to maintain its effects. In addition, there are a number of side 
effects associated with levodopa such as increased and uncontrollable movement. 

25 Recently, the concept of neurological tissue grafting has been applied to the 

treatment of neurological diseases such as Parkinson's Disease. Neural grafts may 
avert the need not only for constant drug administration, but also for complicated 
drug delivery systems which arise due to the blood-brain barrier. However, there 
are limitations to this technique as well. First, cells used for transplantation which 
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carry cell surface molecules of a differentiated cell from another host can induce an 
immune reaction in the host. In addition, the cells must be at a stage of 
development where they are able to form normal neural connections with 
neighboring cells. For these reasons, initial studies on neurotransplantation centered 
5 on the use of fetal cells. Several studies have shown improvements in patients with 
Parkinson's Disease after receiving implants of fetal CNS tissue. Implants of 
embryonic mesencephalic tissue containing dopamine cells into the caudate and 
putamen of human patients was shown by Freed et al. ( N Engl J Med 327:1 549- 
1555 (1992)) to offer long-term clinical benefit to some patients with advanced 

10 Parkinson's Disease. Similar success was shown by Spencer et al ( N Engl J Med 
327: 1541-1548 (1992)). Widner et al ( N Engl J Med 327: 1556-1563 (1992)) have 
shown long-term functional improvements in patients with MPTP-induced 
Parkinsonism that received bilateral implantation of fetal mesencephalic tissue. 
Perlow, et al describe the transplantation of fetal dopaminergic neurons into adult 

15 rats with chemically induced nigrostriatal lesions in "Brain grafts reduce motor 
abnormalities produced by destruction of nigrostriatal dopamine system," Science 
204:643-647 (1979). These grafts showed good survival, axonal outgrowth and 
significantly reduced the motor abnormalities in the host animals. 

While the studies noted above are encouraging, the use of large quantities of aborted 
20 fetal tissue for the treatment of disease raises ethical considerations and political 
obstacles. There are other considerations as well. Fetal CNS tissue is composed of 
more than one cell type, and thus is not a well-defined source of tissue. In addition, 
there are serious doubts as to whether an adequate and constant supply of fetal tissue 
would be available for transplantation. For example, in the treatment of MPTP- 
25 induced Parkinsonism (Widner supra) tissue from 6 to 8 fresh fetuses were required 
for implantation into the brain of a single patient. There is also the added problem 
of the potential for contamination during fetal tissue preparation. Moreover, the 
tissue may already be infected with a bacteria or virus, thus requiring expensive 
diagnostic testing for each fetus used. However, even diagnostic testing might not 
30 uncover all infected tissue. For example, the diagnosis of HIV-free tissue is not 
guaranteed because antibodies to the virus are generally not present until several 



WO 99/21966 
weeks after infection. 



-5- 



PCT/CA98/00991 



While currently available transplantation approaches represent a significant 
improvement over other available treatments for neurological disorders, they suffer 
from significant drawbacks. The inability in the prior art of the transplant to fully 
5 integrate into the host tissue, and the lack of availability of neuronal cells in 
unlimited amounts from a reliable source for grafting are, perhaps, the greatest 
limitations of neurotransplantation. A well-defined, reproducible source of neural 
cells has recently been made available. It has been discovered that multipotent 
neural stem cells, capable of producing progeny that differentiate into neurons and 

10 glia, exist in adult mammalian neural tissue. (Reynolds and Weiss, Science 

255: 1707 (1992)). Methods have been provided for the proliferation of these stem 
cells to provide large numbers of neural cells that can differentiate into neurons and 
glia (See. U.S. Pat. No. 5,750,376, and International Application No. WO 
93/01275). Various factors can be added to neural cell cultures to influence the 

15 make-up of the differentiated progeny of multipotent neural stem cell progeny, as 
disclosed in published PCT application WO 94/10292. Additional methods for 
directing the differentiation of the stem cell progeny would be desirable. 

SUMMARY OF THE INVENTION 
A method of producing neurons or neuronal progenitor cells which can be used for 

20 transplantation or other purposes is described. The method comprises inducing 
multipotent neural stem cells to produce neuronal progenitor cells by proliferating 
the multipotent neural stem cells in the presence of growth factors and 
erythropoietin. The erythropoietin may originate from the population of neural cells 
by subjecting the cells to hypoxic insult which induces neural cells to express 

25 erythropoietin. Alternatively, the erythropoietin may be provided exogenously. 

DETAILED DESCRIPTION OF THE INVENTION 
As used herein, the term multipotent or oligopotent neural stem cell refers to an 
undifferentiated cell which is capable of self-maintenance. Thus, in essence, a stem 
cell is capable of dividing without limit. The non-stem cell progeny of a multipotent 
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neural stem cell are termed "progenitor cells. " A distinguishing feature of a 
progenitor cell is that, unlike a stem cell, it has limited proliferative ability and thus 
does not exhibit self-maintenance. It is committed to a particular path of 
differentiation and will, under appropriate conditions, eventually differentiate. A 
neuronal progenitor cell is capable of a limited number of cell divisions before 
giving rise to differentiated neurons. A glial progenitor cell likewise is capable of a 
limited number of cell divisions before giving rise to astrocytes or oligodendrocytes. 
A neural stem cell is multipotent because its progeny include both neuronal and glial 
progenitor cells and thus is capable of giving rise to neurons, astrocytes, and 
oligodendrocytes. 

Various factors can be added to neural cell cultures to influence the make-up of the 
differentiated progeny of multipotent neural stem cell progeny, as disclosed in WO 
94/10292. It has now been found that erythropoietin (EPO), a hormone thought to 
influence the differentiative pathway of hematopoietic stem cells and/or their 
progeny, can increase the number of neuronal progeny that are generated from 
proliferated multipotent neural stem cells. Multipotent neural stem cells proliferated 
in the presence of EPO produce a greater percentage of neuronal progenitor cells 
than multipotent neural stem cells proliferated in the absence of EPO. 

Multipotent neural stem cells can be obtained from embryonic, juvenile, or adult 
mammalian neural tissue (e.g. mouse and other rodents, and humans and other 
primates) and can be induced to proliferate in vitro or in vivo using the methods 
disclosed in published PCT application WO 93/01275 and U.S. Pat. No. 5,750,376. 
Briefly, the administration of one or more growth factors can be used to induce the 
proliferation of multipotent neural stem cells. Preferred proliferation-inducing 
growth factors include epidermal growth factor (EGF), amphiregulin, acidic 
fibroblast growth factor (aFGF or FGF-1), basic fibroblast growth factor (bFGF or 
FGF-2), transforming growth factor alpha (TGFoc), and combinations thereof. For 
the proliferation of multipotent neural stem cells in vitro, neural tissue is dissociated 
and the primary cell cultures are cultured in a suitable culture medium, such as the 
serum- free defined medium described in Example 1. A suitable proliferation- 
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inducing growth factor, such as EGF (20 ng/ml) is added to the culture medium to 
induce multipotent neural stem cell proliferation. 



In the absence of substrates that promote cell adhesion (e.g. ionically charged 
surfaces such as poly-L-lysine and poly-L-ornithine coated and the like), multipotent 
5 neural stem cell proliferation can be detected by the formation of clusters of 
undifferentiated neural cells termed "neurospheres", which after several days in 
culture, lift off the floor of the culture dish and float in suspension. Each 
neurosphere results from the proliferation of a single multipotent neural stem cell 
and is comprised of daughter multipotent neural stem cells and neural progenitor 

10 cells. The neurospheres can be dissociated to form a suspension of undifferentiated 
neural cells and transferred to fresh growth-factor containing medium. This re- 
initiates proliferation of the stem cells and the formation of new neurospheres. In 
this manner, an unlimited number of undifferentiated neural stem cell progeny can 
be produced by the continuous culturing and passaging of the cells in suitable culture 

15 conditions. 



Various procedures are disclosed in WO 94/10292 and U.S. Pat. No. 5,750,376 
which can be used to induce the proliferated neural stem cell progeny to differentiate 
into neurons, astrocytes and oligodendrocytes. To increase the number of neuronal 
progenitor cells that are produced by the multipotent neural stem cells, the 

20 proliferating stem cells can be exposed to EPO. The EPO can be exogenously 
added at concentrations from about 0. 1 to 10 units/ml. Alternatively, the neural 
cells can be induced to express endogenous EPO by subjecting the cells to hypoxic 
insult. Subsequent differentiation of the progenitor cell progeny results in at least a 
two-fold increase in the numbers of neurons generated compared to progeny of stem 

25 cells that have not been exposed to EPO, as evidenced by immunocytochemical 
analysis. Differentiation of cells that have not been exposed to endogenously added 
EPO or hypoxic insult typically results in a population of cells containing about 3 % 
neurons. The percentage of neurons increases to about 6% with hypoxia treatment, 
and to about 10% with exposure to exogenous EPO, with the percentage of 

30 astrocytes and oligodendrocytes remaining about the same as the control 
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Washout experiments, in which the growth factor/EPO medium is removed after 24 
hours and changed to regular growth factor-containing medium, reveals that the 
EPO instructs the stem cells prior to their first cell division, to produce more 
5 neurons. The continued presence of EPO after the initial 24 hours does not result in 
a further increase in the numbers of neurons over cultures subjected to EPO for a 24 
hour period. 

The ability to manipulate the fate of the differentiative pathway of the multipotent 
neural stem cell progeny to produce more neuronal progenitor cells and neurons is 
10 beneficial. Cell cultures that contain a higher percentage of neuronal progenitor 
cells and/or neurons will be useful for screening the effects of various drugs and 
other agents on neuronal cells. Methods for screening the effect of drugs on cell 
cultures are well known in the art and are also disclosed in U.S. Pat. No. 
5,750,376. 

15 Cell cultures with an enriched neuronal-progenitor cell and/or neuron population can 
be used for transplantation to treat various neurological injuries, diseases or 
disorders. The neuronal progenitor cells or neurons or a combination thereof can be 
harvested and transplanted into a patient needing neuronal augmentation. Neuronal 
progenitor cells are particularly suitable for transplantation because they are still 

20 undifferentiated and, unlike differentiated neurons, there are no branched processes 
which can be damaged during transplantation procedures. Once transplanted, the 
neuronal progenitor cells differentiate in situ into new, functioning neurons. 
Suitable transplantation methods are known in the art and are disclosed in U.S. Pat. 
No. 5,750,376. 

25 Alternatively, a patient's endogenous multipotent neural stem cells could be induced 
to proliferate in situ to produce neuronal progenitor cells by administering to the 
patient a composition comprising one or more growth factors which induces the 
patient's neural stem cells to proliferate and EPO which instructs the proliferating 
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neural stem cells to produce neuronal progenitor cells which eventually differentiate 
into neurons. Suitable methods for administering a composition to a patient which 
induces the in situ proliferation of the patient's stem cells are disclosed in U.S. Pat. 
No. 5,750,376. 

5 All cited references, patents and applications are herein incorporated in their 
entireties by reference. 

EXAMPLE 1: Multipotent neural stem cell proliferation 

Striata from 14-day-old mouse embryos were removed using sterile procedure. 

Tissue was mechanically dissociated into serum-free medium composed of a 1:1 

10 mixture of Dulbecco's modified Eagle's medium (DMEM) and F-12 nutrient 

(Gibco). Dissociated cells were centrifuged, the supernatant aspirated, and the cells 
resuspended at a concentration of about 1 x 10 5 cell/ml in a serum-free medium, 
referred to herein as "complete medium" composed of DMEM/F-12 (1:1) including 
glucose (0.6%), glutamine (2 /xM), sodium bicarbonate (3 mM), and HEPES (4- 

15 [2hydroxyethyl]-l-piperazineethanesulfonic acid) buffer (5 mM) (all from Sigma 
except glutamine [Gibco]). A defined hormone mix and salt mixture (Sigma) that 
included insulin (25 figlnA), transferrin (100 /ig/ml), progesterone (20 nM), 
putrescine (60 /xM), and selenium chloride (30 nM) was used in place of serum. 
The complete medium was supplemented with 20 ng/ml of EGF (Collaborative 

20 Research). Cells were seeded in a T25 culture flask and housed in an incubator at 
37°C, 100% humidity, 95% air/5% C0 2 . Stem cells within the cultures began to 
proliferate within 3-4 days and due to a lack of substrate lifted off the floor of the 
flask and continued to proliferate in suspension forming neurospheres. 

EXAMPLE 2: Hvpoxia-induced neurogenesis 
25 After 6 days in vitro primary neurospheres formed using the methods described in 
Example 1 were dissociated and were replated in EGF-containing medium. After 24 
hours, the cells were exposed to a modest hypoxic insult by decreasing the 
concentration of oxygen in the culture medium for varying lengths of time (from 1 
to 12 hours) from normal levels of 135 mmHg to 30-40 mmHg. The cells were then 
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cultured in the EGF-containing complete medium described in Example 1 in 95% 
air/5% C0 2 for 7 days. Hypoxia did not prevent multipotent neural stem cell 
proliferation, as evidenced by the formation of secondary neurospheres. The 
number of progeny produced from hypoxia-treated stem cells was the same as that in 
control cultures not subjected to hypoxic insult. 

Secondary neurospheres generated from untreated or hypoxia-treated stem cells were 
dissociated into single cells and induced to differentiate by plating between 0.5 x 10 6 
and 1.0 x 10 6 cells onto poly-L-ornithine-coated (15 ^g/ml) glass coverslips in 24 
well Nuclon (1.0 ml/well) culture dishes in EGF-free complete medium optionally 
supplemented with 1 % FBS. After 7 days, the cells were assayed using 
immunocytochemical analysis for the presence of neurons. Cultures that had been 
subjected to hypoxic conditions for 1 to 4 hours had approximately a two-fold 
increase in the percentage of neurons (approx. 6%) over control cultures (approx. 
3%). Cultures subjected to 4 to 8 hours of hypoxia had fewer neurons produced and 
cultures subjected to about 12 hours of hypoxia had normal levels (approx. 3%). 
The hypoxic insult induced a rapid up-regulation of hypoxia-induced factor (HIF) in 
the multipotent neural stem cell progeny. HIP is a transcription factor for EPO. 
The 4-hour hypoxia-induced increase in neurogenesis could be blocked by the 
addition of an EPO-neutralizing antibody at 3 jug/ml. 

EXAMPLE 3: Ervthropoietin-induced neurogenesis 

After 6 days in vitro primary neurospheres formed using the methods described in 
Example 1 were dissociated and replated in complete medium containing EGF at 20 
ng/ml and human recombinant EPO at 0. 1 to 10 units/ml for either 24 hours or 7 
days under normal oxygen conditions (95% air/5% C0 2 ; 135 mmHg). In both 
cases, immunocytochemistry revealed an EPO dose-dependent three-fold increase in 
the numbers of neurons generated. 
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WHAT IS CLAIMED IS: 

L A method of producing neurons from a population of neural cells containing at 
least one multipotent neural stem cell comprising inducing said at least one 
multipotent neural stem cell to proliferate in the presence of erythropoietin to 
5 produce neuronal progenitor cells and allowing said neuronal progenitor cells to 
differentiate into neurons. 

2. The method of claim 1 wherein said population of neural cells is induced to 
express said erythropoietin by subjecting said population of neural cells to hypoxic 
insult. 



10 3. The method of claim 1 wherein said erythropoietin is exogenously added. 

4. The method of claim 1 wherein at least one exogenously added growth factor 
induces said at least one multipotent neural stem cell to proliferate. 

5. The method of claim 4 wherein said exogenously added growth factor is 
epidermal growth factor. 
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